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ABSTRACT 


Exchange  rate  fluctuations  are  often  suggested  as 
being  a  major  factor  in  the  determination  of:  (a)  Canadian 

agricultural  prices?  and  (b)  trade  flows  of  Canadian  agri¬ 
cultural  commodities.  Yet,  in  spite  of  major  fluctuations 
in  the  value  of  the  Canadian  dollar  since  the  inception  of 
a  flexible  exchange  rate  system  in  1970,  little  work  has 
been  done  to  clarify  the  effects  of  such  fluctuations  on 
agricultural  prices  and  trade. 

This  study  attempted  to  examine  the  effects  of  such 
fluctuations  by  meeting  two  objectives.  The  first  objective 
was  to  review  trade  theory  and  exchange  rate  theory  as  they 
relate  to  agricultural  commodity  prices  and  trade  flows. 

This  portion  of  the  study  adds  to  the  understanding  of 
exchange  rate  fluctuations  by  developing  a  conceptual  frame¬ 
work  within  which  to  consider  exchange  rate  fluctuations. 

The  second  objective  of  the  study  was  to  investigate 
a  number  of  econometric  models  with  a  view  to  determining 
whether  a  simple  relationship  could  be  demonstrated  between 
exchange  rate  fluctuations,  Canadian  hog  prices  and  Canada- 
United  States  trade  flows  in  dressed  pork  products  since  the 
inception  of  a  flexible  exchange  rate  system  in  1970.  In 
meeting  this  objective,  it  was  demonstrated  that  the  effect 
of  a  fluctuation  in  the  Canada-United  States  currency 


IV 


exchange  rate  was  not  identical  to  an  equivalent  fluctuation 
in  the  United  States  hog  price  insofar  as  they  affected  the 
Toronto  hog  price  during  the  period  January  1970  to  December 
1979.  Rather ,  it  was  shown  that  a  monthly  fluctuation  in 
the  U.S.  hog  price  was  incorporated  into  the  Toronto  hog 
price  more  completely  and  in  a  more  predictable  manner  than 
was  an  equivalent  fluctuations  in  the  Canada-U.S.  currency 
exchange  rate. 

When  variations  in  Canadian  exports,  imports  and  net 
trade  in  dressed  pork  products  were  analyzed,  statistically 
significant  exchange  rate  coefficients  were  demonstrated. 

In  analyzing  trade  flows  for  the  period  July  1976  to 
December  1979,  exchange  rate  elasticities  of  4.45  and  8.46 
were  estimated  for  monthly  exports  of  dressed  pork  products. 
Exchange  rate  elasticities  of  -4.74  and  -4.71  were  esti¬ 
mated  for  monthly  imports  of  dressed  pork  products  during 
this  42  month  period.  Net  trade  in  dressed  pork  products 
was  shown  to  increase  0.68  million  pounds  for  every  $0.01C./$U.S. 
increase  in  the  exchange  rate  during  the  same  period. 
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CHAPTER  I 


INTRODUCTION 

Background  to  the  Problem 

An  international  transaction  can  be  considered  to 
have  two  parts:  (a)  a  currency  transaction,  and  (b)  a  com¬ 
modity  transaction.  The  currency  transaction  involves  the 
exchange  of  domestic  currency  for  that  of  an  exporting 
nation  while  the  commodity  transaction  involves  the  exchange 
of  this  foreign  currency  for  the  desired  commodity.  If  the 
total  price  to  the  importer  depends  on  both  the  value  of  the 
exchange  rate  and  the  price  of  the  commodity  in  terms  of 
foreign  currency,  and  if  quantity  demanded  is  a  function  of 
total  price,  then  some  relationship  should  exist  between 
price,  quantity  traded  and  the  exchange  rate.1 

In  May  1970,  Canada  adopted  a  floating  exchange  rate 
system.  Since  that  time,  the  Canada-U.S.  currency  exchange  rate 
(hereafter  referred  to  as  the  exchange  rate)  has  varied  from 
$0.9576  C/$U . S .  in  1974  to  $1.2019  C/$U.S.  in  February  of 
1979  (see  Figure  1) .  Given  the  extent  of  these  fluctuations, 
an  opportunity  exists  to  study  the  effect,  if  any,  that 
exchange  rate  fluctuations  have  had  on  agricultural  prices 

1The  exchange  rate  in  this  study  is  defined  as  the 
price  of  foreign  currency  in  terms  of  domestic  currency. 
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Figure  1.1  The  Canada-United  States  Currency  Exchange 
Rate  19  70  -  19  79 


Source:  Bank  of  Canada,  Bank  of  Canada  Review,  various 

issues. 


and  on  agricultural  trade  flows  during  this  period. 


Objectives  of  the  Study 

The  objectives  of  this  study  were:  (a)  to  review 
trade  theory  and  exchange  rate  theory  as  they  relate  to 
prices  and  to  trade  flows  of  agricultural  commodities?  and 
(b)  to  investigate  a  number  of  alternative  econometric 
models  with  a  view  to  determining  whether  a  simple  relation¬ 
ship  could  be  demonstrated  between  exchange  rate  fluctua¬ 
tions,  Canadian  hog  prices  and  Canada-U.S.  pork  trade  flows 
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since  the  inception  of  a  flexible  exchange  rate  system  in 
1970. 


Organization  of  the  Study 

Chapter  II  reviews  trade  theory  and  exchange  rate 
theory  thereby  developing  a  conceptual  framework  within 
which  to  consider  exchange  rate  fluctuations. 

Chapter  III  reviews  three  studies  which  have  been 
conducted  with  a  view  to  determining  the  sensitivity  of 
agricultural  prices  and  trade  to  changes  in  the  exchange 
rate . 

Chapter  IV  outlines  some  characteristics  of  the 
Canadian  and  North  American  pork  market  thereby  providing 
the  reader  with  sufficient  background  to  understand  the 
analytical  portion  of  this  study. 

Chapter  V  provides  a  brief  outline  of  the  methodo¬ 
logies  employed  in  the  study.  It  then  proceeds  to  review 
the  data  base  used  in  the  analysis  as  well  as  to  outline  the 
models  investigated  in  the  study. 

Chapter  VI  presents  the  results  of  an  analysis  de¬ 
signed  to  study  the  degree  to  which  month-to-month  fluctua¬ 
tions  in  the  exchange  rate  have  been  incorporated  into 
Canadian  hog  prices. 

Chapter  VII  presents  the  results  of  an  analysis  de¬ 
signed  to  study  the  degree  to  which  monthly  exports f  imports 
and  net  trade  in  dressed  pork  products  have  been  affected  by 
monthly  fluctuations  in  the  exchange  rate. 


Chapter  VIII  summarizes  the  results  of  the  analysis, 
draws  conclusions  from  these  results  and  makes  recommenda¬ 
tions  regarding  future  research. 


CHAPTER  II 


THE  DEVELOPMENT  OF 
A  CONCEPTUAL  FRAMEWORK 


One  of  the  stated  objectives  of  this  study  was  to 
review  trade  theory  and  exchange  rate  theory  as  they  relate 
to  prices  and  to  trade  flows  of  agricultural  commodities . 
Chapter  II  meets  this  objective  by  first  developing  a  simple 
two-country  model  of  trade.  It  then  introduces  the  exchange 
rate  to  the  model  thereby  developing  a  conceptual  framework 
within  which  to  consider  exchange  rate  fluctuations."*" 


■*"The  following  sources  provided  the  basis  for  much 
of  the  qualitative  substance  of  Chapter  II: 

Charles  P.  Kindleberger  and  Peter  H.  Lindert, 
International  Economics ,  (Homewood,  Illinois:  Richard  D. 
Irwin,  Inc.,  1978),  pp.  278-286. 

William  E.  Kost,  "Effects  of  an  Exchange  Rate 
Change  on  Agricultural  Trade,"  Agricultural  Economics  Re¬ 
search,  2_8  (July  1976):  99-106. 

The  quantitative  analysis  in  Chapter  II,  although 
related  to  that  of  Bredahl  and  Gallager,  was  arrived  at 
independently  of  that  source  unless  otherwise  noted.  To 
the  extent  that  the  notation  has  been  chosen  so  as  to  be 
consistent  with  that  source,  the  author  acknowledges  the 
following  article: 

Maury  E.  Bredahl  and  Paul  Gallager,  "Comment  on 
'Effects  of  an  Exchange  Rate  Change  on  Agricultural 
Trade,'"  Agricultural  Economics  Research,  29  (April  1977): 
45-48. 
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A  Basic  Two-Country  Model  of  Trade 

The  following  discussion  assumes  a  two-country  world 
consisting  of  Canada  (CAN)  and  the  rest  of  the  world  (ROW) , 
dealing  in  a  single  commodity — A.  The  model  also  includes 
the  following  additional  assumptions: 

1.  Both  countries  have  market  economies; 

2.  Transport  costs  are  nil; 

3.  One  $ROW  equals  one  $CAN; 

4.  Supply  and  demand  functions  for  commodity  A  can  be 
defined  for  both  countries;  and 

5.  Time  period  "t"  is  sufficiently  long  to  allow  a  supply 
response . 

Given  this  scenario.  Figure  2.1  illustrates  graphi¬ 
cally  the  equilibrium  which  will  develop.  Figures  2.1a  and 
2.1c  illustrate  the  supply/demand  and  the  price/quantity 
relationships  which  would  prevail  in  the  individual  regions 
in  the  absence  of  trade.  If  trade  is  allowed,  the  equili¬ 
brium  illustrated  in  Figure  2.1b  develops.  The  excess  sup¬ 
ply  function  (ES)  represents  the  quantity  of  A  available  for 
export  at  every  price  level  and  is  derived  by  horizontally 
subtracting  the  domestic  demand  of  the  exporting  country 
from  the  domestic  supply  at  every  price  level.  The  horizon¬ 
tal  subtraction  of  the  domestic  supply  of  the  importing 
country  from  the  domestic  demand  yields  an  excess  demand 
function  (ED) .  This  function  represents  the  quantity  of 
commodity  A  which  must  be  imported  at  every  price  level  to 
satisfy  ROW  demand.  Equilibrium  occurs  when  the  quantity 


Figure  2.1  Determination  of  an  Equilibrium 
Trade  Pattern 


a)  Exporting  Nation  b)  Trade  Sector 
(CAN) 


c)  Importing  Nation 
(ROW) 


$CAN 


Quantity/t  Quantity  Traded/t 


Quantity/t 


demanded  by  ROW  equals  the  quantity  supplied  by  CAN.  In 
Figure  2.1b,  this  occurs  when  CAN  exports  quantity  Q^,  at  the 
equilibrium  price  P1. 

The  equilibrium  illustrated  graphically  in  Figure 
2.1b  can  also  be  described  quantitatively.  If  both  the  ES 
and  ED  functions  are  assumed  to  be  linear,  the  following 
relationships  exist: 


ES'  : 

°ES 

=  ai  + 

BiP 

Bi  >  0 

(2.1) 

ED'  : 

qed 

+  a2  + 

32P 

6  2  i  0 

(2.2) 

qes 

qed 

(2.3) 

where : 


Q 

Q 


ES 

ED 


=  excess  supply  of  A; 

=  excess  demand  for  A; 


ai  and  a2  =  intercept  terms; 
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3i  and  $2  =  price  coefficients;  and 
P  =  price  in  either  $ROW  or  $CAN. 

Equations  2.1  and  2.2  have  the  following  algebraic  solution: 


p.  =  ai  Z  0^2 

e2  -  ea 

n  1  _  a  1  £2  ~  o^2  3  1 

UT  32  -  3 i 

where : 

P 1  =  equilibrium  price;  and 

Q^,  =  equilibrium  quantity  traded. 


(2.4) 

(2.5) 


This  quantitative  approach  can  be  extended  by  intro¬ 
ducing  elasticity  measurements  to  describe  the  ES  and  ED 
functions.  The  elasticity  of  the  excess  supply  function  may 
be  defined  as : ^ 


9X  P 
nES  3P  *  X 

where : 


(2.6) 


T)_a  =  excess  supply  elasticity;  and 

to 

X  =  exports. 

Similarly,  the  elasticity  of  the  excess  demand  function  may 
be  defined  as: 


3M  .  P 
nED  TP  *  M 


(2.7) 


where : 


The  excess  supply  function  is  an  export  supply  func¬ 
tion  as  perceived  by  an  exporting  country  and  an  import  sup¬ 
ply  function  as  perceived  by  an  importing  country.  Likewise, 
the  excess  demand  function  is  an  export  demand  and  import 
demand  function  as  perceived  by  an  exporting  and  importing 
nation,  respectively. 
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ti__  =  excess  demand  elasticity;  and 
ED 

M  =  imports. 

These  elasticities  are  related  to,  and  can  be  de¬ 
rived  from,  the  elasticities  of  the  parent  supply  and  demand 
curves.  In  the  case  of  an  exporting  nation  CAN,  the  elasti¬ 
city  of  export  supply  can  be  derived  from  the  following 
relationship : 

Volume  of  exports  (X)  =  domestic  supply  (SCAN) 

CAN 

-  domestic  demand  (D  ).  (2.8) 

The  partial  derivative  with  respect  to  price  is: 


ax  _  asCAN  3DCAN 
ap  ap  "  ap 


(2.9) 


Appropriate  multiplication  gives: 


ax 

p 

'asCAN' 

[sCANl 

p 

'3dcan' 

■dcan' 

p 

.ap. 

.X. 

1 

.ap 

[sCANJ 

.X, 

.ap 

[dcanJ 

X. 

Rearranging  gives: 


ax  . 

p 

isCAN 

P 

'sCAN' 

'sdcan  . 

p 

dcan' 

.ap 

x. 

,3P 

sCAN. 

X 

*>  4 

.ap 

dcan. 

,x 

(2.11) 


That  is: 


'ES 


nCAN(sCAN/x)  _ 


riAN(DCAN/X) 


(2.12) 


where : 

ri_0  =  elasticity  of  export  supply  (or  excess  supply 
Eb 

elasticity)  : 

ri^  =  elasticity  of  demand  for  A  in  CAN:  and 
CAN 

ns  =  elasticity  of  supply  for  A  in  CAN. 


Similarly,  it  can  be  shown  that  for  the  importing 
nation  ROW  in  Figure  2.1: 


"ed  =  CW(DR0W/M) 


ROW  ,  n  ROW 

ns  (s  /M) 


(2.13) 


where : 

nED  -  elasticity  of  import  demand  (or  excess  demand 
elasticity) ; 

r]ROW  =  elasticity  of  demand  for  A  in  ROW: 

ns°W  =  elasticitY  of  supply  for  A  in  ROW:  and 
M  =  imports. 


Given  an  initial  equilibrium  and  the  conceptual 
framework  outlined  above,  it  is  possible  to  visualize  the 
effect  of  a  disturbance  to  the  system  presented  in  Figure 
2.1.  The  source  of  any  disturbance  determines  whether  the 
ED  or  ES  function  shifts,  whereas  the  magnitude  of  the  dis¬ 
turbance  coupled  with  the  elasticities  of  the'  excess  demand 
and  supply  functions  determine  the  price  and  quantity  change. 


The  Introduction  of  the  Exchange  Rate 

To  this  point,  exchange  rate  considerations  have 
been  ignored.  If  Assumption  (3)  is  now  relaxed  and  the  ex¬ 
change  rate  is  allowed  to  vary,  what  will  be  the  effect  on 
prices  and  trade? 

This  discussion  begins  with  the  equilibrium  estab¬ 
lished  in  Figure  2.1.  How  this  equilibrium  is  affected  by 
a  change  in  the  exchange  rate  depends  on  the  perspective 
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being  considered.  To  a  resident  of  CAN,  the  trade  sector  in 
Figure  2.1  will  normally  be  perceived  in  terms  of  $CAN 
whereas  a  resident  of  ROW  normally  perceives  the  trade  sec¬ 
tor  in  terms  of  $ROW.  The  effect  on  Figure  2.1  depends  on 
which  of  these  two  perspectives  is  being  considered — that  of 
the  exporter  or  that  of  the  importer.  Furthermore,  the  ex¬ 
change  rate  may  either  increase  or  it  may  decrease  thereby 
giving  a  total  of  four  possible  scenarios  (see  Figure  2.2).^ 
These  will  be  considered  in  turn. 


Figure  2.2  Exchange  Rate  Scenarios 


PERSPECTIVE 

Exporting  Country 

Importing  Country 

Export  Commodity 

Import  Commodity 

Relative  Depreciation 

CASE  I 

CASE  IV 

Relative  Appreciation 

CASE  II 

CASE  III 

^Devaluation/revaluation  refer  to  the  official  inter¬ 
vention  and  readjustment  of  a  fixed  exchange  rate  by  mone¬ 
tary  authorities.  Depreciation/appreciation  refer  to  market- 
induced  fluctuations  in  the  exchange  rate  as  occur  under  a 
floating  or  flexible  exchange  rate  system.  Because  Canada 
enjoys  a  floating  exchange  rate  system,  the  latter  terms  will 
normally  be  used  in  this  study.  The  economic  concepts  pre¬ 
sented,  however,  apply  equally  in  the  case  of  devaluation/ 
revaluation. 


12 


Case  I;  Depreciation  as  Perceived  by  an  Exporting  Nation 

This  example  begins  with  the  equilibrium  established 
prior  to  the  introduction  of  exchange  rates  and,  using  a 
comparative  static  approach,  illustrates  the  effect  on  this 
equilibrium  of  a  change  in  the  exchange  rate  from  R'  to  RM 
(see  Figure  2.3). 


Figure  2.3  Depreciation  as  Percevied  by  an 
Exporting  Nation 

a)  Exporting  Nation  b)  Trade  Sector  c)  Importing  Nation 

(CAN)  (ROW) 


Equations  2.1  and  2.2  described  the  initial  excess 
supply  and  demand  functions  as: 

Bi  >  0 


ES' :  qes  =  ai  +  BlP 


ED*  :  Q 


ED 


ot  2  +  B2P 


B  2  <.  0 . 


Since  Figures  2.3a  and  2.3b  are  already  expressed  in  terms 
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of  $CAN,  and  since  the  transaction  is  being  viewed  from  a 
CAN  perspective,  the  position  of  the  ES  curve  does  not 
change.  The  position  of  the  ED  curve  as  viewed  by  a  resi¬ 
dent  of  CAN  does  change.  As  an  example,  if  R*  =  $1CAN/$R0W 
and  R"  =  $2CAN/$R0W,  the  effect  of  a  depreciation  can  be 
shown  to  be  an  upward  shift  in  the  ED  curve  (i.e.  every 
quantity  is  still  available,  only  at  twice  the  original 
price  in  terms  of  $CAN) .  The  result  is  a  new  function  ED" 
which  can  be  described  as  follows: 


ED":  Qed  =  a2  +  §rf2P  62  <  0  (2.14) 

where : 

R*  =  initial  exchange  rate  as  perceived  by  CAN;  and 
R"  =  final  exchange  rate  as  perceived  by  CAN. 

The  new  equilibrium  becomes  Q^P" ,  where: 


and 


P"  = 


-  gi  ~  a2 


5_!_q 

rh  P2 


Q" 

T 


R 1 
R" 


a2  p  1 


r:  Ro  . 

R" 


(2.15) 


(2.16) 


Expressed  in  terms  of  elasticities.  Equations  2.15 
and  2.16  become 


^Equations  2.17  and  2.18  are  derived  by  incorporat¬ 
ing  the  following  relationships  (derived  from  Equations 
2.1  and  2.2)  into  Equations  2.15  and  2.16: 

ai  ~  QT  (1  CLz  “  ^T  ^  nED^ 


Si 


nESQT 


nEDQT 

P' 


62 
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P"  = 


nED  ~  nES 

R' 

R"  nED  “  nES 


(2.17) 


and 


Qm 

VT 


R7  n  n 
R"  nEDV 


nES}  nES(1 


nED) 


R7_ 

R"  nED  "  nES 


QT 


(2.18 


where 

n 


ED 


elasticity  of  export  demand  at  Q^P'; 


nES 

PH 


Qm 

T 


elasticity  of  export  supply  at  Q^P1; 

final  price  ($CAN) ;  and 
final  quantity  traded. 


Given  an  initial  equilibrium  (Q^P')  and  a  final 
equilibrium  (Q”P" )*  it  is  possible  to  express  in  the  form  of 
an  interval  elasticity  the  effects  of  a  change  in  the  ex¬ 
change  rate  from  R*  to  R"  as  follows:^ 


n 


ED 


P  i  R 


r r 

'ED  R'  "ES 


(2.19) 


and 


nED  nES 


JQ  ,  R  RT 

nED  ’  R T  nES 


(2.20 


where : 


Calculated  as  follows: 
P "  -  P  * 


JP,R 


R"  -  R[ 


R1 

P* 


Q" 


Q' 


'Q,R 


R" 


R' 

Ql 
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E  _  =  interval  elasticity  of  the  equilibrium  price 

P  ,  K 

with  regard  to  the  exchange  rate  over  the  range 
R'  to  R"; 

E  n  =  interval  elasticity  of  the  equilibrium  quantity 

y  /  & 

with  regard  to  the  exchange  rate  over  the  range 
R'  to  R" ; 

r\  =  elasticity  of  excess  demand  at  Q'P';  and 
ED  T 

r)_a  =  elasticity  of  excess  supply  at  Q'P '  . 
t  b  T 

The  point  of  elasticity  of  the  equilibrium  price  and 

quantity  with  respect  to  the  exchange  rate  can  be  expressed 
1 

as : 


nED 

nED  ”  nES 


(2.21) 

(2.22) 


where : 


JP,R 


JQ,R 


point  elasticity  of  the  equilibrium  price  with 
respect  to  the  exchange  rate;  and 
point  elasticity  of  the  equilibrium  quantity 
with  respect  to  the  exchange  rate. 


ICalculated  as: 

,  limit 

P,R  R"  - >  R* 


nED 

R" 

nED  ”  R'  nES 


,  =  limit  nED  nES 

EQ,R  R"  - >  R*  R" 

nED  "  Rr  nES 

Equations  2.21  and  2.22  are  identical  to  the  exchange  rate 
elasticities  derived  in:  Maury  E.  Bredahl  and  Paul  Gallager, 
Ibid. ,  pp.  45-48. 
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Equations  2.17  to  2.22,  inclusive,  serve  to  quantify 
the  shift  in  the  ED  curve  illustrated  in  Figure  2.3b.  Equa¬ 
tions  2.17  and  2.18  provide  a  means  for  determining  the  new 
equilibrium  Q^P"  and  will  not  be  discussed  further.  Equa¬ 
tions  2.19  and  2.20  will  be  examined  and  analyzed  further  at 
this  time.^ 

Equations  2.19  and  2.20  can  be  rewritten  as: 


E 


P ,  R 


1 

.  ^ES 
R'  nED 


(2.23) 


and 


Eq,r  _JL _ FT  #  1  * 

nES  R'  nED 


(2.24) 


The  denominator  of  Equation  2.23  must  be  equal  to  or  greater 
than  1  since  the  following  conditions  are  assumed  to  hold: 


'es  —  0 

(2.25) 

ED  *  °- 

(2.26) 

Equation  2.23  has  a  minimum  value  of  zero  when  the  denomina¬ 
tor  is  equal  to  infinity  and  a  maximum  value  of  1  when: 

R"  PES  _  n 
R*  ’  P|ED 

Expressed  in  words,  a  one  percent  depreciation  of  an  expor¬ 
ter's  currency  will  result  in  a  minimum  0  and  a  maximum  one 
percent  increase  in  the  domestic  price  of  commodity  A,  given 
the  assumptions  of  the  model. 


^The  analysis  contained  in  the  following  three  para¬ 
graphs  was  largely  adapted  from:  Maury  E.  Bredahl  and  Paul 
Gallager,  Ibid. ,  pp.  45-48. 
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The  denominator  of  Equation  2.24  is  necessarily 
positive.  Therefore,  E  can  take  on  positive  values  be- 

y  r  R 

tween  zero  and  infinity  depending  on  the  values  of  r)  and 

ES 

nED-  The  value  approaches  zero  as  nES  and  nED  both  approach 

zero  and  it  approaches  infinity  as  r\ and  r\  approach 

Lb  ED 

infinity.  Expressed  in  words,  a  one  percent  depreciation  of 
an  exporter* s  currency  could  result  in  any  non-negative  per¬ 
centage  change  in  exports. 

Both  the  interval  elasticity  of  the  equilibrium  price 
with  respect  to  the  exchange  rate  and  the  interval  elasticity 
of  the  quantity  traded  with  respect  to  the  exchange  rate  have 
been  determined  and  discussed.  What  remains  is  to  determine 
whether,  in  a  given  situation,  the  effect  of  an  exchange  rate 
change  will  be  reflected  by  a  change  in  price  or  a  change  in 
quantity  traded.  To  accomplish  this,  a  ratio  of  the  quan¬ 
tity  effect  to  the  price  effect  can  be  calculated  as  follows: 


n 


ES 


(2.27) 


Which  effect  is  greater,  therefore,  depends  on  the  value  of 
the  elasticity  of  export  supply.  This  is  intuitively  reason¬ 
able  since,  as  perceived  by  an  exporter,  the  ED  function  is 
shifting  along  the  ES  function. 


Case  II:  Appreciation  as  Perceived  by  an  Exporting  Nation 


This  scenario  is  illustrated  graphically  in  Figure 
2.4.  Case  II  differs  from  Case  I  in  that  in  Case  II  the 
value  of  R"  is  allowed  to  decrease  relative  to  R*  with  the 
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Figure  2.4  Appreciation  as  Perceived  by  an 
Exporting  Nation 


a)  Exporting  Nation  b)  Trade  Sector 

(CAN) 


c)  Importing  Nation 
R OW) 


result  that  the  ED  function  shifts  downward  rather  than  up¬ 
ward.  Case  II  is  simply  the  reverse  of  Case  I.  All  quanti¬ 
tative  relationships  derived  for  Case  I  apply  equally  for 
Case  II. 

Case  III;  Appreciation  as  Perceived  by  an  Importing  Nation 

Case  III  may  be  viewed  in  one  of  two  ways.  It  may 
be  viewed  as  being  the  ROW  perception  of  Case  I  (a  CAN  ex¬ 
port  is  a  ROW  import  and  a  CAN  depreciation  is  a  ROW  appre¬ 
ciation)  .  Alternatively,  by  reversing  CAN  and  ROW  in  the 
original  model  thereby  making  CAN  the  importer.  Case  III  may 
be  considered  to  portray  the  effect  of  an  appreciation  on 
Canadian  imports.  So  as  to  maintain  a  domestic  persepctive, 
this  discussion  will  use  the  latter  approach. 

Figure  2.5  illustrates  graphically  how  an  importing 
country  perceives  a  domestic  currency  appreciation  (or  a 
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Figure  2.5  Appreciation  as  Perceived  by  an 
Importing  Nation 

a)  Exporting  Country  b)  Trade  Sector  c)  Importing  Country 


(ROW) 


(CAN) 


foreign  currency  depreciation) .  Just  as  the  domestically 
determined  function  (the  ES  function)  was  unaffected  by  a 
change  in  the  exchange  rate  in  Case  I,  so  the  domestically 
determined  function  (the  ED  function)  is  unaffected  in  Case 
III.  The  ES  function,  however,  is  perceived  to  shift  down¬ 
ward.  To  illustrate,  consider  an  exchange  rate  appreciation 
from  $1  CAN /$ ROW  to  $0.5  CAN/$ROW.  Every  quantity  can  still 
be  imported,  but  at  half  of  the  original  price  in  terms  of 
$CAN  (i.e.  a  downward  shift  in  the  ES  function  as  illus¬ 
trated  in  Figure  2.5). 

As  with  Case  I,  Case  III  can  be  described  quantita¬ 
tively.  The  three  functions  illustrated  graphically  in 
Figure  2.5b  can  be  described  quantitatively  as  follows:  * 
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ES'  : 

qes 

=  a  1 

+ 

BiP 

ES"  : 

qes 

=  a  1 

+ 

IF 

ED'  : 

qed 

=  cl  2 

+■ 

62p 

The  algebraic  solution  of  ED* 
equilibrium  Q^P"  where: 


31  ^  0  (2.28) 

Bi  >  0  (2.29) 

32  <  0  (2.30) 

and  ES"  yields  a  new  point  of 

(2.31) 

(2.32) 

Equations  2.31  and  2.32 


P" 


ai  -  a 


R'  ft 

2  “  BIT  PI 


q i.  _  a i  B2  -  pir  a2  3 1 

>p  -  , 

32  -  3i 


Expressed  in  terms  of  elasticities 
become : 


P"  = 


Qm 

T 


nED  “  nES 


0 


ED 
(1  ■ 


111  ~ 

R"  nES 


nES^  nED 


R" 


(1  - 


nED)  nES 


nED  ~  R"  nES 


Q' 


(2.33) 


(2.34) 


For  any  exchange  rate  change,  this  ratio  of  the  per¬ 
centage  change  in  the  equilibrium  price  and  quantity  and  the 
percentage  change  in  the  exchange  rate  is  given  by  the 
interval  elasticity  as  follows 

^Calculated  as: 

AP  #  Rj_  . 

AR  ’  P* 
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'ES 


‘PfR  _  R" 

nES  "  PT  nED 


nEDnES 


‘Q,T  R" 

nES  R'  nED 


(2.35) 


(2.36) 


Put  into  reduced  form.  Equations  2.35  and  2.36 

become : ^ 


EP,R  ,  _  R^_  PEP 
R*  nES 

and 


eq  ,  r  i_  _  it  _i_ 
nED  R'  nES 


(2.38) 


Analysis  of  Equations  2.37  and  2.38  reveals  that  E_  _  can 

p  f  R 

only  take  on  values  between  0  and  +1  while  E^  _  can  take  on 

U  r  R 

values  between  0  and  minus  infinity.  The  final  values  of 
these  elasticities  depend  on  the  elasticities  of  the  excess 
supply  and  demand  functions. 

Analysis  of  Equations  2.35  and  2.36  reveals  the  fol¬ 
lowing  relationship  between  E_  and  E_  : 

Q ,  R  PfR 


E 


Q,R 


E 


P/R 


n 


ED 


(2.39) 


Whether  the  quantity  effect  or  the  price  effect  predominates 
depends  on  the  value  of  The  quantity  effect  exceeds 

the  price  effect  if  the  elasticity  of  the  excess  demand 
function  exceeds  unity. 


The  analysis  in  the  following  two  paragraphs  is  an 
analogue  of  that  developed  by:  Maury  E.  Bredahl  and  Paul 

Gallager,  Ibid. r  p.  45-48. 
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Case  IV;  Depreciation  as  Perceived  by  an  Importing  Nation 

Case  IV  differs  from  Case  III  only  in  the  direction 
of  the  shift  in  the  ES  function.  Since  in  Case  IV  the 
importer’s  currency  is  depreciated  relative  to  that  of  the 
exporter,  every  quantity  is  available  at  a  higher  price  in 
terms  of  the  importer’s  currency  (i.e.  an  upward  shift  in 
the  ES  function  as  illustrated  in  Figure  2.6).  All  rela¬ 
tionships  derived  for  Case  III  still  apply  since  Case  IV  is 
simply  the  reverse  process. 


Figure  2.6  Depreciation  as  Perceived  by 
an  Importing  Nation 

a)  Exporting  Nation  b)  Trade  Sector  c)  Importing  Nation 

(ROW)  (CAN) 
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A  Special  Case 

Special  attention  will  now  be  given,  in  this  two- 
country  model,  to  the  case  where  the  production  of  one  coun¬ 
try  is  considerably  smaller  than  that  of  the  other.  This 
special  case  is  presented  because  it  approximates  the  situa¬ 
tion  facing  many  of  the  smaller  trading  nations  of  the  world. 

Figure  2.7  illustrates  the  extreme  case  where  an 
exporting  nation  CAN  is  so  small  relative  to  ROW  that  its 
effect  on  the  ROW  market  is  negligible  (i.e.  the  excess 
demand  function  is  perfectly  elastic) .  Since  the  effect  of 
an  exchange  rate  change  is  a  shift  of  the  ED  function. 

Figure  2.7  also  illustrates  graphically  the  effect  of  a  cur¬ 
rency  appreciation  in  this  extreme  case. 


Figure  2.7  Exporting  Nation  Much  Smaller  Than 
Importing  Nation  (as  Perceived  by 
the  Exporting  Nation) 


a)  Exporting  Nation  b)  Trade  Sector 

(CAN) 


c)  Importing  Nation 
(ROW) 


Quantity 


Quantity  Traded 


Quantity 


Alternatively/  a  quantitative  approach  can  be  used 
to  describe  what  was  portrayed  graphically  in  Figure  2.7. 
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Equation  2.13  described  the  following  relationship: 

ROW  _,ROW 


n 


ED 


ROW  , _ROW  .  . 
=  nn  (D  /M) 


T1S  (s  /M)  . 


As  M  decreases  relative  to  DR0W  and  SR0W,  0  ~  approaches 

ED 

minus  infinity.  To  determine  the  effect  of  a  currency 
appreciation  or  depreciation  under  these  circumstances/ 
recall  Equations  2.23  and  2.24. 


limit 


P ,  R 


nED  ->  "  “  1  -  ^  -  nES 


=  1 


(2.40) 


nED 


,  _  limit 

Q,R  nED  — > 


'ES 


R" 

R 1 


'ES 


2.41) 


‘ED 


Expressed  in  words,  a  one  percent  increase  or  decrease  in 
the  exchange  rate  will  result  in  a  one  percent  increase  or 
decrease,  respectively,  in  the  price  if  the  excess  demand 
function  is  perfectly  elastic.  In  addition,  the  interval 
elasticity  of  the  equilibrium  quantity  with  respect  to  the 
exchange  rate  approaches  the  value  of  the  excess  supply 
elasticity  as  the  excess  demand  elasticity  approaches 
infinity. 

Figure  2.8  illustrates  the  perfectly  elastic  excess 
supply  curve  which  will  exist  as  perceived  by  a  small  im¬ 
porting  country.  ES"  represents  the  new  excess  supply  func¬ 
tion  while  Q^P"  represents  the  new  point  of  equilibrium 
resulting  from  a  currency  depreciation. 
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Figure  2.8  Importing  Nation  Much  Smaller  Than  Exporting 
Nation  (as  Perceived  by  the  Importing  Nation) 

a)  Exporting  Nation  b)  Trade  Sector  c)  Importing  Nation 

(ROW)  (CAN) 


The  effect  of  a  change  in  the  exchange  rate  on  a 
small  importing  country  can  be  quantified  by  beginning  with 
the  following  variation  of  Equation  2.12.  Because  in  this 
case  the  ES 1  function  is  derived  from  ROW'S  domestic  supply 
and  demand  curves,  we  have: 


„  _  ROW  ,crow/vn  row  ,  row /v» 

nES  nS  s  "  nD  (D  * 

As  X  decreases  relative  to  S  and  D  , 

infinity.  From  Equations  2.37  and  2.38, 

interval  elasticities  can  be  calculated: 

E  =  r\  _ _ j: _  =  i 

P,R  ES  - -»  «  ,  R_^_  nED 
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With  a  small  importing  country,  the  percentage  change  in 
price  equals  the  percentage  change  in  the  exchange  rate 
while  the  percentage  change  in  imports  is  equal  to  nED  times 
the  percentage  change  in  the  exchange  rate. 


The  Introduction  of  Time 

The  present  model  is  of  a  comparative  static  nature. 
It  deals  only  with  the  initial  and  the  final  points  of  equi¬ 
librium.  Built  into  the  model  is  the  assumption  that  the 
time  frame  under  study  is  sufficiently  long  to  allow  a 
supply  response.  In  the  case  of  agricultural  production, 
the  supply  response  occurs  with  a  time  lag.  In  the  case  of 
hog  production,  the  response  of  supply  to  changes  in  price 
has  been  estimated  to  occur  with  a  five-quarter  lag  because 
of  "a  biological  lag  on  production  factors  and  a  lag  in 
decision  making."^  The  purpose  of  the  present  section  is  to 
estimate  an  intermediate  point  of  equilibrium  which  will 
exist  after  demand  factors  have  had  a  chance  to  act  but 
before  a  supply  response  has  been  realized.  In  other  words, 
the  exchange  rate  effect  will  be  divided  into  two  compo¬ 
nents — a  short-run  effect  (or  impact)  and  a  long-run  effect. 

^T.G.  MacAulay,  "A  Forecasting  Model  for  the  Canadian 
and  U.S.  Pork  Sectors,"  Commodity  Forecasting  Models  for 
Canadian  Agriculture,  Volume  II,  Agriculture  Canada, 

Ottawa:  Agriculture  Canada,  1978),  p.  7. 


27 


Figure  2.9  illustrates  the  expected  short-run  and 
long-run  effects  of  a  change  in  the  exchange  rate,  given  the 
assumptions  of  the  conceptual  model.  The  functions  depicted 
by  solid  lines  represent  the  long-run  functions  discussed 
previously  while  the  functions  depicted  by  fine  lines  repre¬ 
sent  the  expected  short-run  relationships.  If  supply  is 
considered  to  be  perfectly  inelastic  in  the  short  run,  the 
domestic  supply  functions  must  be  redrawn  as  S^N  and 
These  are  the  quantities  presently  being  produced  at  the 
equilibrium  price  P* .  Given  this  change,  new  short-run 

excess  supply  (ES*  )  and  excess  demand  (ED*)  functions  must 
b  K  bK 

be  drawn  (see  Figure  2.9b).  The  effect  of  a  100  percent 

currency  depreciation  can  now  be  represented  by  ED^R  and 

ED"  .  In  the  short  run,  quantity  Q  will  be  traded  at 
LR  b  R 

price  P_n  as  compared  with  our  previously  determined  long- 

bK 

term  equilibrium  Q^P" . 

Although  the  expected  equilibrium  differs  under  the 
assumption  of  a  zero  supply  response  in  the  short  run,  a 
quantitative  approach  is  required  to  better  estimate  the 
magnitude  and  sign  of  the  differences  involved.  Taking  the 
perspective  of  an  exporting  nation,  recall  Equations  2.12, 
2.13,  2.23  and  2.24: 
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If  n^AN  and  n^°W  are  assumed  to  be  zero  in  the  short  run, 

O  O 

the  effect  is  to  decrease  the  absolute  values  of  r ]  and 

ES 

nED.^  Such  a  decrease  is  compatible  with  either  an  increase 
or  a  decrease  in  the  interval  elasticity  of  the  equilibrium 
price  with  respect  to  the  exchange  rate.  The  value  of 
Equation  2.23  depends  on  the  ratio  of  n__  to  r\ .  A  neces- 

to  ED 

sary  condition  for  the  short-run  price  effect  to  exceed  the 

long-run  price  effect  is  for  the  absolute  value  of  ri  o/Ti-pr^ 

Eb  EJJ 

2 

to  become  less  negative  in  the  short  run.  This  occurs  if: 
.CAN  ^uajnj  ^  qkuw 

(2.45) 
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Although  the  short-run  interval  elasticity  of  price  with 
respect  to  the  exchange  rate  may  be  larger  or  smaller  than 
the  long-run  elasticity,  it  is  still  subject  to  the 


Although  the  production  response  may  be  zero  in 
the  short  term,  movement  into  and  out  of  stocks  will  in  all 
probability  result  in  a  non-zero  supply  response.  The 
example  is  still  useful  in  that  it  defines  an  extreme  case. 

2 

Obtained  by  simplifying  the  following: 
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previously  determined  constraints,  namely: 

0  *  ep,r  *  u 

This  is  so  because  Equation  2.23  applies  as  it  did  before  - 
only  the  values  of  nEg  and  ri  differ  in  the  short  run. 
Mathematically,  Equation  2.23  is  still  restricted  to  the 
above  range . 

With  respect  to  the  quantity  traded,  if  the  absolute 

value  of  nES  and  rjED  are  both  smaller  in  the  short  run,  the 

value  of  the  interval  elasticity  of  equilibrium  quantity  for 

the  exchange  rate  must  also  be  smaller  in  the  short  run. 

This  is  apparent  from  Equation  2.24.  A  decrease  in  the 

absolute  values  of  r\__  and  ri  ~  must  increase  the  value  of 

bb  EJJ 

the  denominator  thereby  decreasing  the  value  of  the  func¬ 
tion.  Although  the  value  of  the  short-run  elasticity  is 
smaller  than  that  in  the  long  run,  it  is  still  restricted 
to  the  range  determined  previously  (i.e.  0  £  E_  n  <_  °°)  . 

Similar  results  can  be  obtained  in  the  case  of  an 
import  commodity.  The  quantity  effect  in  the  long  run  ex¬ 
ceeds  that  in  the  short  run  whereas  the  price  effect  in  the 
long  run  may  be  greater  than  or  less  than  that  in  the  short 
run  depending  on  the  elasticities  of  the  ED  and  ES  functions. 
The  derivation  of  such  a  result  parallels  that  presented  in 
the  case  of  an  export  commodity  and  is  therefore  omitted. 
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Summary 

Starting  with  a  simple  two-country,  one-commodity 
trade  model,  this  chapter  developed  a  conceptual  framework 
designed  to  outline  the  forces  at  work  following  a  change  in 
the  exchange  rate.  The  effects  on  both  exports  and  imports 
have  been  decomposed  into  a  price  effect  and  a  quantity 
effect.  These,  in  turn,  have  been  analyzed  in  terms  of 
their  short-run  and  long-run  components. 

The  usefulness  of  the  model  in  empirical  analysis 

is  limited  by  the  one-commodity  assumption.  Because  of  the 

ceteris  paribus  conditions  which  underlie  supply  and  demand 

functions,  the  relationships  described  in  this  chapter  are 

valid  only  if  no  close  substitutes  exist  (i.e.  cross-price 

elasticities  are  zero) .  This  observation  is  supported  by 

Chambers  and  Just  when  they  state: 

In  point  of  fact,  the  excess  demand  relation.  .  . 
can  be  derived  from  standard  neoclassical  demand 
theory  only  under  the  assumption  of  zero  cross¬ 
price  elasticities  between  the  traded  agricul¬ 
tural  commodity  and  all  other  goods  for  which 
prices  are  not  constant  or  under  similarly  re¬ 
strictive  assumptions . 

The  present  chapter  is  not  intended  to  portray  the 
real  world  perfectly,  but  to  serve  as  a  conceptual  frame¬ 
work — a  source  of  perspective  and  a  point  of  departure  when 
considering  the  effects  of  exchange  rates  on  agricultural 
prices  and  trade. 

^"Robert  Chambers  and  Richard  E.  Just,  "A  Critique  of 
Exchange  Rate  Treatment  in  Agricultural  Trade  Markets," 
American  Journal  of  Agricultural  Economics,  61  (2),  [May 
1979) :  p.  251. 


CHAPTER  III 


A  REVIEW  OF  SELECTED  EMPIRICAL  STUDIES 

A  number  of  studies  have  been  conducted  recently 
with  a  view  to  determining  the  sensitivity  of  agricultural 
prices  and  trade  to  changes  in  the  exchange  rate.  Special 
attention  will  be  given  to  studies  by  Schuh,  Dobbins  and 
Smeal ,  and  Vellianitis-Fidas  because:  (a)  they  illustrate 

alternative  methodologies;  and  (b)  they  arrive  at  seemingly 
contradictory  conclusions. 

The  Research  in  Review 

In  1974,  Schuh  examined  the  effect  of  exchange  rate 

changes  on  aggregate  U.S.  agricultural  exports.'*'  Although 

2 

not  supported  by  a  "systematic  parametric  analysis"  at  this 
time,  he  suggested  that  recent  changes  in  the  exchange  rate 
had  induced  an  export  boom  thereby  being  responsible,  at 
least  in  part,  for  increases  in  agricultural  prices. 

Schuh  attempted  to  support  these  ideas  empirically 

■^G.  Edward  Schuh,  "The  Exchange  Rate  and  U.S.  Agri¬ 
culture,"  American  Journal  of  Agricultural  Economics,  56(1)  , 
(February  1974),  pp.  1-13. 

2Ibid. ,  p.  12. 
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in  a  subsequent  article  in  1975. 1  Short-run  and  long-run 

export  supply  elasticities  of  1.26  and  6.48  were  determined 

by  the  substitution  of  data  into  Equation  2.12.  Citing 

Tweeton,  Schuh  suggested  an  export  demand  elasticity  of  from 
2 

-6.42  to  -15.85.  Without  any  further  analysis,  Schuh  con¬ 
cluded  that  devaluations  have  "a  rather  sizeable  effect  on 
the  foreign  demand  for  imports  and  helped  to  trigger  the 
price  spiral  of  recent  years. 

Dobbins  and  Smeal  attempted  to  extend  the  work  of 
Schuh  by  substituting  the  derived  ES  and  ED  elasticities 

4 

into  Equations  2.21  and  2.22.  Table  3.1  contains  the 
results.  The  approach  can  be  criticized  because  it  ignores 
the  restrictive  assumptions  of  the  basic  model  (i.e.  a 
one-commodity  world)  as  discussed  in  Chapter  II.  (In  de¬ 
fense  of  the  methodology,  one  could  cite  the  high  level  of 
aggregation  involved  in  this  study.  As  the  level  of 


^G.  Edward  Schuh,  "The  Exchange  Rate  and  U.S.  Agri¬ 
culture:  Reply,"  American  Journal  of  Agricultural  Economics, 

57(4),  (November  1975),  pp.  696-700. 

2 

Luther  G.  Tweeton,  "The  Demand  for  United  States 
Farm  Output,"  Food  Research  Institute  Studies,  7  (1967), 
pp.  343-369. 

The  export  demand  elasticity  estimates  by  Tweeton  are  based 
on  Equation  2.13.  Since  "ROW"  was  composed  of  a  number  of 
individual  countries,  an  export  demand  elasticity  was  esti¬ 
mated  for  each  individual  country  and  a  weighted  average 
was  calculated  as  an  estimate  of  the  export  demand  elasti¬ 
city  for  U.S.  exports. 

^Schuh,  p.  699. 

4 

Paul  Dobbins  and  Gary  L.  Smeal,  "Exchange  Rates  and 
U.S.  Agricultural  Exports,"  in  Jimmye  S.  Hillman  and  Andrew 
Schmitz  (eds.).  International  Trade  and  Agriculture:  Theory 
and  Policy,  (Boulder,  Colorado:  Westview  Press,  1979), 
pp.  163-182. 


Price  and  Quantity  Changes  Resulting  From 
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aggregation  increases  to  include  all  agricultural  exports, 

the  expected  cross-price  elasticities,  and  therefore  the 

expected  bias,  can  be  expected  to  decrease.)  Dobbins  and 

Smeal  qualify  their  results  by  adding: 

The  interaction  of  exchange  rates  with  other 
economic  variables  suggests  that  the  basic 
supply  and  demand  model  discussed  above  can 
be  quite  misleading.  Exchange  rates  do  not 
change  with  everything  else  held  constant. 

To  the  extent  that  exchange  rate  changes 
cause  price  and  income  changes  as  well  as 
distributional  effects,  the  supply  and  demand 
curves  will  be  shifting. ^ 

Vellianitis-Fidas  challenged  Schuh's  conclusions 

after  conducting  both  a  cross-sectional  and  a  time-series 

2 

analysis  of  U.S.  trade.  The  cross-sectional  analysis 
examined  trade  flows  in  wheat,  corn  and  soybeans  before  and 
after  the  April  1971  and  February  1973  devaluations  of  the 
U.S.  dollar.  This  devaluation  prompted  many  trading  part¬ 
ners  to  float  their  currency  vis-a-vis  the  currency  of  dif¬ 
ferent  countries.  Ordinary  least  squares  regression  analysis 
failed  to  detect  a  significant  relationship  between  the  mag¬ 
nitude  of  these  changes  in  the  exchange  rate  and  observed 
changes  in  the  volumes  of  wheat,  corn  and  soybeans  traded 
with  these  different  countries. 

The  time-series  analysis  of  Vellianitis-Fidas  in¬ 
volved  selecting  20  countries  which  had  devalued  or  re¬ 
valued  their  currency  at  least  once  between  1960  and 

"^Dobbins  and  Smeal,  pp.  170-171. 

2 

Amalia  Vellianitis-Fidas,  "The  Impact  of  Devalua¬ 
tion  on  U.S.  Agricultural  Exports,"  Agricultural  Economics 
Research,  28(3),  (July  1976),  pp.  107-116. 
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mid-1969.  Regression  analysis  was  used  in  an  attempt  to  re¬ 
late  exports  and  imports  of  five  commodities — wheat,  corn, 
cotton,  tobacco  and  oilseeds — during  this  time  period  to  the 
prevailing  exchange  rate.  An  equation  was  estimated  to  des¬ 
cribe  U.S.  exports  of  each  commodity  to  each  country  in  the 
study  with  the  exchange  rate  being  entered  as  a  dummy  vari¬ 
able  with  a  value  of  zero  before  and  a  value  of  one  after 
the  exchange  rate  change.  Again,  no  significant  relation¬ 
ship  was  detected  between  the  exchange  rate  and  trade  in  the 
stated  commodities. 

Various  authors  have  offered  explanations  of  why 
trade  may  be  unresponsive  to  changes  in  the  exchange  rate. 
Dobbins  and  Smeal  suggest  "inertia"  as  a  factor  contributing 
to  the  insensitivity  of  trade  volumes  to  changes  in  the 
exchange  rate : 

.  .  .  force  of  habit,  contractual  obligations 
such  as  the  U.S. -Soviet  wheat  agreement,  uncer¬ 
tainty  stemming  from  accrued  market  information, 
established  transportation  facilities,  etc., 
will  tend  to  calcify  trade  patterns. ^ 

This  explanation  could  be  valid  especially  in  the  short  run. 

Institutional  factors  such  as  the  variable  levy  as 
applied  by  the  EEC  have  been  suggested  repeatedly.  In  terms 
of  the  conceptual  framework  presented  in  Chapter  II,  the 
variable  levy  acts  by  offsetting  any  change  in  the  exchange 
rate  in  a  manner  such  that  the  ED  function  does  not  shift.  The 
result — a  zero  price  effect  and  a  zero  quantity  effect.  Grains 

^"Dobbins  and  Smeal,  p.  175. 


in  particular,  are  subject  to  the  EEC  variable  levy.  In 
addition,  grains  are  usually  sold  and  delivered  under  con¬ 
tract.  In  the  short  run,  at  least,  these  factors  will  de¬ 
crease  the  sensitivity  of  prices  and  trade  in  these  commo¬ 
dities  to  changes  in  the  exchange  rate.  The  results  of 
Vellianitis-Fidas  support  such  an  argument. 

Summary 

Chapter  III  outlines  three  studies  which  have 
attempted  to  measure  the  sensitivity  of  agricultural  prices 
and  trade  to  changes  in  the  exchange  rate.  The  analysis  of 
Schuh  and  of  Dobbins  and  Smeal,  by  ignoring  cross-price 
elasticities,  can  be  expected  to  contain  an  upward  bias. 

By  estimating  the  exchange  rate  effects  in  a  direct  manner 
from  a  historical  data  series,  Vellianitis-Fidas  avoids  this 
bias . 

The  results  of  these  studies  must  be  interpreted 
with  caution  since,  as  suggested  in  Chapter  II,  the  effect 
of  a  change  in  the  exchange  rate  can  be  expected  to  differ 
depending  on  the  supply  and  demand  elasticities  of  the  par¬ 
ticular  commodity  under  study.  The  present  study  examined 
the  Canadian  pork  industry  with  a  view  to  increasing  the 
understanding  of  the  effects  of  exchange  rate  fluctuations 
on  this  industry. 
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CHAPTER  IV 


CANADIAN  PORK  PRODUCTION  IN  A 
NORTH  AMERICAN  MARKET 

Introduction 

One  of  the  stated  objectives  of  this  study  was  to 
investigate  several  alternative  econometric  models  with  a 
view  to  determining  whether  a  simple  relationship  could  be 
demonstrated  between  fluctuations  in  the  Canada-United 
States  currency  exchange  rate,  Canadian  hog  prices  and 
Canada-United  States  trade  flows  in  dressed  pork  products 
since  the  inception  of  a  flexible  exchange  rate  system  in 
1970.  Before  proceeding  to  a  discussion  of  the  methodology 
involved,  a  brief  outline  of  the  Canadian  and  North  American 
pork  market  is  presented. 

Canadian  Hog  and  Pork  Production 
in  Perspective 

The  conceptual  model  presented  in  Chapter  II  demon¬ 
strates  the  results  of:  (a)  a  small  importing  nation  being 

faced  with  an  infinitely  elastic  excess  supply  function; 
and  (b)  a  small  exporting  nation  being  faced  with  an  infi¬ 
nitely  elastic  excess  demand  function.1  Under  the 

1This  assumes  that  production  and  trade  of  the  com¬ 
modity  in  questions  is  very  small  relative  to  the  rest  of 
the  world. 
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simplifying  assumptions  of  the  model,  opportunity  for  trade 
(arbitrage)  acts  to  equalize  prices  in  the  different  mar¬ 
kets.  Therefore,  domestic  prices  are  effectively  determined 
by  non-domestic  supply  and  demand  factors. 

The  simple  model  outlined  above  is  a  useful  point  of 
departure  when  studying  Canadian  pork  production  and  trade. 
Table  4.1  summarizes  world  production  of  pork  by  country  in 
the  years  1976  to  1978.  Canada  ranked  twentieth  among  the 
major  pork  producing  countries  in  1978.  Total  Canadian  pro¬ 
duction  was  615  thousand  metric  tons  in  that  year,  or  1.25 
percent  of  the  world  total  of  49,168  thousand  metric  tons. 

That  Canadian  production  is  so  small  relative  to 
total  world  production  suggests  that,  in  the  absence  of 
barriers  to  trade,  Canadian  prices  would  depend  more  on 
international  than  on  domestic  supply  and  demand  factors. 

Of  the  so-called  "free"  economies,  the  United  States  market 
is  the  largest,  exceeding  that  of  the  next  largest  (West 
Germany)  by  a  factor  of  two  and  exceeding  that  of  Canada  by 
a  factor  of  10.  Because  of  the  proximity  and  size  of  the 
U.S.  market,  and  because  of  the  relatively  unrestricted 
trade  in  pork  between  Canada  and  the  United  States,  the 
Canadian  pork  market  is  usually  assumed  to  be  dominated  by 
the  U.S.  market.^" 

Figure  4.1  is  a  schematic  representation  of  factors 
affecting:  (a)  Canadian  and  American  hog  prices;  and 

^If  not  represented,  the  situation  is  at  least 
approximated  by  that  illustrated  graphically  in  Figures 
2 . 7  and  2.8. 


Table  4.1 


World  Pork  Production 
(000  Metric  Tons) 


1969-71 

1976 

1977 

1978 

China 

9639 

13327 

13657 

14064 

U.S.A. 

6227 

5631 

6009 

6060 

U.S.S.R. 

4638 

4228 

4950 

5200 

W.  Germany 

2223 

2423 

2483 

2620 

Poland 

1312 

1540 

1542 

1833 

France 

1388 

1658 

1605 

1670 

Japan 

722 

1056 

1169 

1285 

E.  Germany 

838 

1099 

1158 

1174 

Netherlands 

704 

936 

966 

1053 

Italy 

590 

816 

904 

955 

Hungary 

598 

765 

865 

880 

U.K. 

934 

852 

905 

879 

Brazil 

763 

785 

834 

850 

Czechoslovakia 

566 

699 

749 

815 

Denmark 

722 

716 

744 

812 

Spain 

468 

649 

735 

803 

Romania 

447 

772 

778 

772 

Yugoslavia 

515 

600 

658 

656 

Belgium-Lux. 

455 

575 

586 

628 

Canada 

611 

533 

539 

615 

Viet  Nam 

345 

420 

420 

440 

Mexico 

240 

389 

410 

414 

Philippines 

304 

373 

374 

387 

Austria 

263 

307 

318 

310 

Sweden 

239 

294 

302 

306 

Switzerland 

201 

246 

262 

263 

Bulgaria 

160 

317 

275 

260 

Argentina 

221 

258 

238 

211 

Australia 

173 

174 

185 

197 

Other 

2113 

2484 

2617 

2756 

Total 

38,619 

44,922 

47,237 

49,168 

Source:  FAO  Production 

Yearbook , 

1978, 

Vol.  32. 
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(b)  Canadian  and  American  trade  in  pork  and  hogs.  Inherent 
in  the  diagram  is  the  assumption  that  North  American  hog 
prices  are  determined  by  the  interaction  of  supply  factors 
and  demand  factors.  Supply  factors  are  represented  by  hog 
slaughter,  pork  stocks  and  net  trade  in  pork  and  live  hogs. 
Demand  for  hogs  is  a  derived  demand  which  ultimately  depends 
on  population,  price  of  pork  substitutes,  disposable  income, 
income  distribution  and  tastes.  Figure  4.1  indicates  how 
these  various  factors  likely  interact  to  determine  Canadian 
and  United  States  hog  prices,  and  Canada-United  States 
trade  in  live  hogs  and  pork. 

Canada-United  States  Price 
Relationships 

In  the  absence  of  arbitrage  costs,  the  opportunity 
for  trade  would  theoretically  tend  to  equalize  Canadian  and 
United  States  hog  prices.^"  However,  arbitrage  costs  do 
exist  in  the  form  of  transportation  costs,  tariffs,  exchange 
rate  differences  and  miscellaneous  other  costs  (i.e.  incon¬ 
venience)  .  Even  if  exchange  rate  fluctuations  were  accounted 
for  by  converting  to  a  common  currency,  the  Canadian  price 
would  still  be  expected  to  differ  from  the  U.S.  price  (now 
in  Canadian  dollars)  by  some  amount  not  exceeding  the 
sum  of  the  remaining  arbitrage  costs.  The  usual  assumption 

^This  statement  assumes  equal  marketing  margins  and 
products  of  equal  quality. 


is  that  pork  prices  are  subject  to  an  upper  limit  ("ceiling") 
equal  to  the  U.S.  price  plus  arbitrage  costs  when  in  a  net 
import  position  and  a  lower  limit  ("floor")  equal  to  the 
U.S.  price  minus  arbitrage  costs  when  in  a  net  export  posi¬ 
tion.'*'  The  opportunity  for  arbitrage  will  tend  to  keep  the 
Canadian  price  within  this  range.  Where  within  this  range 

the  Canadian  price  finally  rests  is  assumed  to  be  a  function 

2 

of  domestic  supply  and  demand  factors.  (Figures  4.2a  and 
4.2b  illustrate  the  historical  relationship  between  the 
average  monthly  Canadian  and  U.S.  hog  prices  for  the  period 
1970  to  1979.) 


Canadian  Trade  in 
Dressed  Pork  Products,  1970-1979 J 


The  degree  to  which  arbitrage  has  occurred  in  the 
Canada-U.S.  pork  market  is  documented  in  the  form  of  trade 
statistics.  Figure  4.3  and  Appendix  A  provide  an  overview  of 
annual  Canadian  exports  and  imports  of  dressed  pork  products 
for  the  period  1970  to  1979.  (Although  this  study  is  pri¬ 
marily  concerned  with  monthly  variations  in  trade  flows. 


^M.H.  Hawkins,  R.K.  Bennett  and  A.M.  Boswell,  North 
American  Hog/Pork  Study,  (Ottawa,  Canada:  Economics  Branch, 
Canada  Department  of  Agriculture,  1972). 

2 

James  L.  Dawson,  "Canadian  Hog  Prices  Within  a 
North  American  Market,"  Canadian  Farm  Economics,  1_(4)  , 
(October,  1972) . 

^For  the  purposes  of  this  study,  exports  and  imports 
of  "dressed  pork  products"  has  been  defined  as  the  sum  of 
the  respective  tariff  classes  illustrated  in  Appendix  B. 
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Figure  4.2  The  Historical  Relationship  Between  Canadian 
and  U.S.  Hog  Prices,  1970-1979 


a)  Average  Monthly  Toronto  Hog  Price 


b)  Average  Monthly  Hog  Price  at 
Seven  U.S.  Markets 


Agriculture  Canada,  Livestock  Market  Review,  various 
issues . 


Source : 
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Figure  4.3  Annual  Canadian  Exports,  Imports  and  Net 

Trade  in  Dressed  Pork  Products,  1970-1979 

a)  Canadian  Exports  By  Destination  (in  million  pounds) 


b)  Canadian  Imports  By  Source  (in  million  pounds) 


c)  Net  Total  and  Net  Canada-U.S.  Trade  (in  million  pounds) 


Source:  Statistics  Canada,  Exports  by  Commodities  and 

Imports  by  Commodities,  various  issues. 


these  data  are  purposely  presented  on  an  annual  basis  so  as 
to  provide  an  overview  of  the  decade  in  question) . 

The  United  States  and  Japan  can  be  seen  to  have  been 
the  major  export  markets  for  Canadian  dressed  pork  products 
during  this  period  (see  Figure  4.3a).  Annual  exports  to  the 
United  States  varied  from  58.7  million  pounds  in  1970  to 
19.2  millions  pounds  in  1976  and  85.8  million  pounds  in  1979. 
Exports  to  Japan,  on  the  other  hand,  were  6.4  million  pounds 
at  the  beginning  of  the  decade  and  increased  to  74.2  million 
pounds  in  1977  before  decreasing  to  70.2  million  pounds  in 
1979.  These  two  markets  accounted  for  between  84.9  and  97.6 
percent  of  total  annual  exports  of  dressed  pork  products 
from  Canada  in  each  of  the  ten  years  under  study. 

Canadian  imports  of  dressed  pork  products  have  his¬ 
torically  originated  predominantly  in  the  United  States — in 
excess  of  90  percent  in  every  year  since  1974.  Annual  im¬ 
ports  from  the  United  States  were  at  their  lowest  in  1971 
(22.9  million  pounds)  before  increasing  to  197.0  million 
pounds  in  1977.  The  decade  closed  with  67.7  million  pounds 
being  imported  from  the  United  States  in  1979.  Figure  4.3b 
illustrates  these  changing  levels  of  imports  over  time. 

Net  Canadian  trade  in  dressed  pork  products^  with 
the  United  States  decreased  from  +52.4  million  pounds  in 
1971  to  -177.2  million  pounds  in  1977  before  increasing  to 
+18.1  million  pounds  in  1979.  Figure  4.3c  illustrates  these 

1Defined  as  exports  minus  imports. 
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Figure  4.4  Monthly  Canada-United  States  Trade  in 
Dressed  Pork  Products,  1970  -  1979 

a)  Canadian  Exports  to  the  U.S.  (in  million  pounds) 


b)  Canadian  Imports  from  the  U.S.  (in  million  pounds) 


c)  Net  Canada-U.S.  Trade  (in  million  pounds) 


Source:  Agriculture  Canada,  Exports  by  Commodities  and 

Imports  by  Commodities,  various  issues. 
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changes  graphically. 

Although  useful  in  indicating  general  trends,  annual 
data  tend  to  mask  important  month-to-month  variations. 

Figure  4.4  is  provided  so  as  to  illustrate  the  monthly 
variation  in  Canada-U.S.  trade  flows  of  dressed  pork  products 
from  January  1970  to  December  1979.  It  was  with  these  varia¬ 
tions  that  the  analytical  portion  of  this  study  was  most 
concerned. 


Summary 

This  chapter  has  attempted  to  outline  some  charac¬ 
teristics  of  the  North  American  market  for  hogs  while  at  the 
same  time  reviewing  the  historical  relationship  between 
Canadian  and  United  States  hog  prices  and  the  historical 
flow  of  dressed  pork  products  between  Canada  and  the  United 
States.  Considerable  month-to-month  variation  in  Canadian 
hog  prices  and  in  Canada-United  States  trade  flows  in 
dressed  pork  products  has  been  demonstrated,  thus  setting 
the  stage  for  the  empirical  portion  of  this  analysis — to 
investigate  a  number  of  econometric  models  with  a  view  to 
determining  whether  simple  relationships  can  be  demonstrated 
between  variations  in  the  above-stated  variables  and  fluc¬ 
tuations  in  the  Canada-United  States  currency  exchange  rate. 


CHAPTER  V 


METHODOLOGY 

Introduction  and 
Scope  of  the  Analysis 

Chapter  II  suggested  a  theoretical  basis  for  varia¬ 
tions  in  prices  and  in  trade  flows  as  the  result  of  exchange 
rate  fluctuations.  In  so  doing,  it  illustrated  how  the 
total  effect  of  a  change  in  the  exchange  rate  can  be  decom¬ 
posed  into  a  price  effect  and  a  quantity  effect.  Each  of 
these  in  turn  was  shown  to  have  a  short-run  (i.e.  demand- 
related)  and  a  long-run  (i.e.  supply- related)  component. 

The  analytical  portion  of  this  study  focused  on  short-run 
effects  only  in  pursuing  the  second  stated  objective  of  this 
study — to  investigate  a  number  of  alternative  econometric 
models  with  a  view  to  determining  whether  a  simple  relation¬ 
ship  could  be  demonstrated  between  fluctuations  in  the  average 
monthly  exchange  rate  and:  (a)  monthly  variations  in 

average  Canadian  hog  prices;  and  (b)  monthly  variations  in 
Canada-United  States  trade  flows  in  dressed  pork 
products,  since  the  inception  of  a  flexible  exchange  rate 
system  in  1970. 
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The  Effect  of  Exchange  Rate 
Fluctuations  on  the  Canadian  Hog  Price 

The  methodology  employed  in  this  portion  of  the 
study  was  an  extension  of  that  used  by  Dawson  in  a  1972 
study. ^  Looking  at  quarterly  time-series  data  and  using 
multiple  regression  analysis,  Dawson  attempted  to  explain 
variations  in  Canadian  (Toronto)  hog  prices  by  using  two 
explanatory  variables:  (a)  the  price  of  barrows  and  gilts 

at  seven  U.S.  markets;  and  (b)  Canadian  hog  gradings. 

Dawson  estimated  that  86  percent  of  the  variation  in 
Canadian  hog  prices  could  be  explained  by  these  two  indepen¬ 
dent  variables.  From  this  analysis  Dawson  concluded  that 
the  base  price  for  hogs  is  established  in  the  United  States 
and  " .  .  .at  most,  Canadian  production  can  only  shift  the 

domestic  price  within  a  narrow  range  relative  to  this  base 
„  2 

price. " 

The  present  analysis  began  with  the  investigation  of 
a  model  specification  similar  to  that  of  Dawson.  It  differed 
in  two  major  respects:  (a)  monthly  rather  than  quarterly 
data  was  used;  and  (b)  Canadian  hog  slaughter  rate  rather 
than  Canadian  gradings  was  used  as  a  quantity  variable.  The 
model  specification  can  be  expressed  mathematically  in  the 
following  form: 


^James  L.  Dawson,  "Canadian  Hog  Prices  Within  a 
North  American  Market,"  Canadian  Farm  Economics,  1_{^)  , 
(October  1972) ,  pp.  8-11. 

2Ibid. ,  p.  11. 


Model  6.1:  PHOGT  =  3o  +  3iPHOG3  +  3 2 TSLWT  +  U 


where : 

PHOGT  =  the  average  monthly  Toronto  hog  price; 

PH0G3  =  the  average  monthly  price  of  hogs  at  seven  U.S 
markets ; 

TSLWT  =  a  measure  of  the  rate  of  Canadian  hog  slaughte 
U  =  an  error  term. 

From  this  beginning,  an  attempt  was  made  to  improve 
on  the  explanatory  power  of  the  model  by  including  the 
Canada-United  States  currency  exchange  rate  as  a  variable. 
To  this  end,  three  additional  models  were  investigated: 
Model  6.2:  PHOGT  =  Bo  +  3iPHOG4  +  32TSLWT  +  U; 


Model  6.3 


Model  6.4 


PHOGT  =  Bo  +  3 i PH0G3  +  32PHOG3(R-l)  + 
3 3 TSLWT  +  U?  and 


PHOGT 

PH0G3 


-  3 


PH0G3 


+  3 i  +  32 (R-l)  + 


d  TSLWT 
B3PHOG3  +  ° 


where : 

R  =  the  Canada-United  States  currency  exchange 

rate ; 

PH0G4  =  PH0G3 (R) ;  and 
other  variables  are  as  previously  defined. 

The  rationale  for  choosing  this  particular  analyti¬ 
cal  sequence  is  discussed  more  fully  in  Chapter  VI  along 
with  the  results  of  the  analysis.  At  this  point,  it  need 
only  be  mentioned  that  the  choice  of  models  was  guided  by 
the  objective  of  the  analysis;  namely,  to  estimate  an 


unbiased  exchange  rate  coefficient. 


The  Effect  of  Exchange  Rate 
Fluctuations  on  Canada-United  States 
Trade  Flows  in  Dressed  Pork  Products 

The  methodology  employed  in  investigating  the  effect 
of  exchange  rate  fluctuations  on  trade  flows  in  dressed  pork 
products  was  inspired  in  part  by  the  work  of  Vellianitis- 
Fidas^  (hereafter  referred  to  as  V-F)  who,  as  discussed 
earlier,  used  multiple  regression  analysis  in  an  attempt  to 
determine  what  effect  exchange  rate  fluctuations  have  had  on 
United  States  agricultural  exports.  The  present  study  dif¬ 
fered  in  a  number  of  ways,  one  being  that  it  considered 
three  dependent  variables — (a)  exports;  (b)  imports;  and 
(c)  net  trade--in  attempting  to  determine  the  effect  of 
exchange  rate  fluctuations  on  trade  flows. 

The  V-F  study  concluded  that  quantity  factors 
(i.e.  levels  of  production)  were  the  major  determinant  of 
trade  flow  variations.  An  exchange  rate  effect  could  not  be 
discriminated  with  the  methodology  employed.  Since  the 
effect  of  a  change  in  the  exchange  rate  is  dependent  on  the 
supply  and  demand  elasticities  of  the  commodity  under  study 
(as  discussed  in  Chapter  II) ,  there  is  no  justification  for 
automatically  extrapolating  the  results  and  conclusions  of 
that  analysis  to  the  Canadian  pork  sector.  The  V-F  study 

^Amalia  Vellianitis-Fidas ,  "The  Impact  of  Revalua¬ 
tion  on  U.S.  Agricultural  Exports,"  Agricultural  Economic 
Research,  28(3),  (July  1976):  107-116. 
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is  of  use,  however,  to  the  extent  that  the  methodology  can 
be  adapted  to  the  current  study. 

In  a  manner  reminiscent  of  the  V-F  study,  the  pre¬ 
sent  study  attempted  to  use  quantity  variables  rather  than 
price  variables  in  explaining  variations  in  the  levels  of 
Canada-United  States  trade  in  dressed  pork  products.  This 
approach  was  necessitated  by  the  desire  to  avoid  the  use  of 
explanatory  variables  which  were  deemed,  a  priori,  to  be 
affected  by  fluctuations  in  the  exchange  rate.^  Since  fluc¬ 
tuations  in  the  exchange  rate  act  through  the  medium  of 
price  in  affecting  trade  flows,  the  use  of  both  price  and 
the  exchange  rate  as  explanatory  variables  would  have  vio¬ 
lated  a  necessary  condition  in  ordinary  least  squares  re¬ 
gression  analysis — that  such  right-hand  variables  be 
linearly  unrelated  if  unbiased  coefficients  are  to  be  ob¬ 
tained.  ^ 

With  these  criteria  in  mind,  the  rate  of  Canadian 
hog  slaughter,  the  level  of  American  hog  slaughter,  Canadian 
pork  stocks  and  American  pork  stocks  were  chosen  as  quan¬ 
tity  variables  in  attempting  to  explain  variations  in 
Canada-United  States  trade  flows  of  dressed  pork  products. 

In  addition,  the  Canadian  tariff  on  fresh  and  frozen  pork, 

■^Although  quantity  supplied  may  be  a  function  of 
the  exchange  rate  in  some  previous  time  period,  this  study 
assumes  that  quantity  supplied  in  the  present  period  is  not 
related  to  the  exchange  rate  in  that  period. 

2 

J.  Johnston,  Econometric  Methods,  (New  York: 
McGraw-Hill  Book  Company,  Inc.,  1963),  p.  275. 
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the  American  tariff  on  fresh  and  frozen  pork,  Japanese  im¬ 
ports  of  Canadian  dressed  pork  products  and  the  Canada- 
United  States  currency  exchange  rate  were  examined  as  pos¬ 
sible  explanatory  variables.  Using  these  variables,  eight 
econometric  models  were  specified  and  investigated  (see 
Figure  5.1).  In  general,  the  choice  of  econometric  models 
was  governed  by  the  desire  to  estimate  unbiased  exchange 
rate  coefficients.  A  more  complete  discussion  of  the 
rationale  for  choosing  these  particular  econometric  models 
is  included  in  Chapter  VII,  along  with  the  presentation  of 
the  analytical  results. 

Sources  of  Data 

One  of  the  stated  objectives  of  this  study  was  to 
investigate  several  alternative  econometric  models  with  a 
view  to  determining  whether  a  simple  relationship  could  be 
demonstrated  between  exchange  rate  fluctuations  and: 

(a)  Canadian  hog  prices?  and  (b)  Canada-United  States  pork 
trade,  by  analyzing  a  historical  data  series.  This  analysis 
was  based  on  monthly  time-series  data  for  the  period 
January  1970  to  December  1979 — a  total  of  120  observations. 
The  identities  and  sources  of  data  used  in  the  study  are 
outlined  and  discussed  below  in  alphabetical  order.  Each 
variable  is  identified  by  code  letters  in  order  to  facili¬ 
tate  the  discussion  of  results  in  Chapters  VI  and  VII. 


Figure  5.1 


A  Summary  of 
Investigated 
States  Trade 


the  Model  Specifications 
in  Analyzing  Canada-United 
in  Dressed  Pork  Products3 


Exports 


Model  7.1:  X2AGG  =  Bo  +  3 i TSLWT  +  32Q5PK2  +  B3STKPK1  + 

34STKPk2  +  3sX3AGG  +  36DUTY2  +  B7R  + 
error  term 

Model  7.2:  X2AGGP  =  Bo  +  3 i TSLWTP  +  32QSPK2P  +  B3STKPK1P  + 

34STKPK2P  +  BsX3AGGP  +  36R  +  error  term 

Model  7.3:  LX2AGGP  =  Bo  +  3 i LTSLWTP  +  32LQSPK2P  + 

3  3LSTKPKIP  +  3 4LSTKPK2P  +  3  sLX3AGGP  + 
3sLR  +  error  term 


Imports 


Model  7.4:  M2AGG  =  3o  +  3 1 TSLWT  +  32QSPK2  +  33STKPK1  + 

34STKPK2  +  3  5X3AGG  +  36DUTY1  +  67R  + 
error  term 

Model  7.5:  M2AGGP  =  3o  +  3 1 TSLWTP  +  32QSPK2P  +  33STKPKlP  + 

B4STKPK2P  +  3sX3AGGP  +  36R  +  error  term 

Model  7.6:  LM2AGGP  =  Bo  +  3 1 LTSLWTP  +  32LQSPK2P  + 

3  3LSTKPKIP  +  34LSTKPK2P  +  3  sLX3AGGP  + 

3  g  LR  +  error  term 


Net  Trade 


Model  7.7:  NET2  =  Bo  +  3 1 TSLWT  +  32QSPK2  +  3  3  STKPKl  + 

B4STKPK2  +  BsX3AGG  +  BeDUTYl  +  B?DUTY2  + 
3 SR  +  error  term 

Model  7.8:  NET2P  =  Bo  +■  Bi TSLWTP  +  B2QSPK2P  +  3  3  STKPKlP  + 

3 4 STKPK2F  +  3sX3AGGP  +  S6R  +  error  term 


aThe  variables  are  as  defined  in  the  following 


section 
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1.  ASLWT  -  This  is  the  average  warm  slaughter  weight,  in 
pounds,  of  inspected  hog  slaughter  in  Canada  for  each 
month.  Data  were  obtained  from  the  Livestock  Market 
Review  (Agriculture  Canada) . ^ 

2.  DUTY1  -  This  variable  is  a  measure  of  the  tariff  (in 
cents  per  pound)  charged  when  importing  fresh  or 
frozen  pork  into  Canada.  The  source  was  the  Livestock 
Market  Review  (Agriculture  Canada) . 

3.  DUTY 2  -  This  variable  is  the  U.S.  tariff  on  fresh  and 
frozen  pork  entering  the  United  States  as  reported  in 
the  Livestock  Market  Review  (Agriculture  Canada) . 

4.  HOGSL  -  This  is  the  number  of  hogs  slaughtered  monthly 
in  federally  inspected  establishments  in  Canada  as 
reported  in  the  Livestock  Market  Review  (Agriculture 
Canada) . ^ 

5.  M2AGG  -  This  is  the  quantity  of  Canadian  imports  of 
dressed  pork  products  from  the  United  States  (in  million 
pounds) .  M2AGG  was  determined  by  aggregating  over  the 
import  tariff  classes  outlined  in  Appendix  B.  Data  on 
dressed  pork  product  imports  were  obtained  from  the  pub¬ 
lication,  Imports  by  Commodities  (Statistics  Canada) . 


^The  authors  of  publications  used  as  data  sources 
are  provided  in  brackets. 

2 

Statistics  Canada,  at  times,  estimates  monthly  data 
by  aggregating  weekly  data.  In  such  cases,  every  third 
month  is  assumed  to  consist  of  five  weeks  and  all  other 
months  consist  of  four  weeks.  This  is  the  case  with  monthly 
hog  slaughter. 


57 


6.  NET2  -  This  variable  is  a  measure  of  net  trade  (net 
exports)  in  dressed  pork  products  with  the  United  States 
(in  million  pounds) .  NET2  is  defined  as  X3AGG  minus 
M2AGG . 

7.  PH0G2  -  This  is  the  average  monthly  price  of  barrows 
and  gilts  at  seven  U.S.  markets  ($U.S.).  The  data  are 
reported  in  U.S.  dollars  per  hundredweight  live.  The 
source  of  these  data  was  the  Livestock  and  Meat  Situa¬ 
tion  (U.S . D . A. ) . 

8.  PH0G3  -  This  is  the  average  monthly  price  of  barrows 
and  gilts  at  seven  U.S.  markets  ($U.S.)  converted  to  a 
dressed  weight  basis  as  follows: 

PH0G3  =  PHOG2/0 . 77 . 

9.  PH0G4  -  This  is  the  average  monthly  price  of  barrows 
and  gilts  at  seven  U.S.  markets  in  Canadian  dollars  per 
hundredweight  dressed.  This  variable  was  calculated  as 
PH0G3  multiplied  by  R. 

10.  PHOGT  -  This  variable  is  a  measure  of  the  average  mon¬ 
thly  dressed  hog  price  per  hundredweight  ($CAN)  in  Toronto 
as  reported  in  the  Livestock  Market  Review  (Agriculture 
Canada) . 

11.  POPl  -  This  variable  is  an  estimate  of  the  beginning-of- 
month  Canadian  population.  Quarterly  population  esti¬ 
mates  were  obtained  from  the  Estimated  Population  by 
Provines  by  Quarterly  Periods  (Statistics  Canada) . 
Monthly  estimates  were  obtained  by  interpolating  be¬ 
tween  the  quarterly  estimates.  This  variable  was  used 
to  convert  Canadian  hog  quantity  data  to  a  per  capita 
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basis.  Variables  expressed  on  a  per  capita  basis  are 
identified  by  adding  the  letter  P  to  the  variable  code 
(i.e.  X2AGGP,  M2AGGP ,  NET2P,  TSLWTP,  STKPK1P,  X3AGGP) . 

12.  POP2  -  This  variable  is  an  estimate  of  the  beginning-of- 
month  United  States  population  as  obtained  from  the 
Survey  of  Current  Business  (U.S.  Department  of  Com¬ 
merce).  This  variable  was  used  to  convert  U.S.  hog  and 
pork  quantity  data  to  a  per  capita  basis.  When  so 
expressed,  the  data  were  identified  by  adding  the  letter 
P  to  the  variable  code  (i.e.  QSPK2P  and  STKPK2P) . 

13.  QSPK2  -  This  is  the  monthly  United  States  pork  produc¬ 
tion  in  million  pounds  as  reported  in  the  Livestock  and 
Meat  Situation  (U.S.D.A.). 

14.  R  -  R  is  the  symbol  used  to  denote  the  exchange  rate 
variable  in  this  study.  More  specifically,  it  is  the 
price  in  terms  of  Canadian  dollars  of  one  United 
States  dollar.  Average  noon  quotations  for  each  month 
were  obtained  from  the  Bank  of  Canada  Review  (Bank  of 
Canada) . 

15.  STKPKl  -  This  is  the  beginning-of-month  stock  of  frozen 
pork  in  storage  in  Canada  (in  thousand  pounds)  as  re¬ 
ported  by  the  Livestock  and  Animal  Product  Statistics 
(Statistics  Canada) . 

16.  STKPK2  -  This  is  the  beginning-of-month  stock  of  pork 
in  the  United  States  (in  million  pounds)  as  reported  in 
the  Livestock  and  Meat  Situation  (U.S.D.A.). 
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17.  TSLWT  -  This  is  a  measure  of  the  rate  of  pork  produc¬ 
tion  in  Canada  in  each  month.  The  variable  is  calcu¬ 
lated  as  HOGSL  multiplied  by  ASLWT  multiplied  by  0.97 
(to  convert  to  a  chilled  basis)  divided  by  1,000,000 
(to  express  the  variable  in  terms  of  million  pounds  per 
month)  divided  by  the  number  of  weeks  in  each  respec¬ 
tive  month.  TSLWT  is,  therefore,  the  average  pork  pro¬ 
duction  per  week  (in  million  pounds)  in  each  month. 

This  approach  was  necessitated  because  the  "months" 

for  which  HOGSL  was  reported  were  not  of  equal  length. 

18.  X2AGG  -  This  variable  represents  the  sum  of  Canadian 
exports  of  dressed  pork  products  to  the  United  States 
(in  million  pounds)  as  obtained  by  aggregating  over  the 
export  tariff  classes  outlined  in  Appendix  B.  Data  on 
exports  of  dressed  pork  products  in  individual  tariff 
classes  were  obtained  from  Exports  by  Commodities 
(Statistics  Canada) . 

19.  X3AGG  -  This  variable  is  a  measure  of  Canadian  exports 
of  dressed  pork  products  (in  million  pounds)  to  coun¬ 
tries  other  than  the  United  States.  The  variable  was 
calculated  as  XTAGG  minus  X2AGG  and  was  included  in  the 
analysis  as  a  proxy  for  exports  to  Japan  during  the 
period  under  study. 

20.  XTAGG  -  This  is  a  measure  of  total  Canadian  exports  of 
dressed  pork  products  (in  million  pounds)  as  obtained 
by  aggregating  over  the  export  tariff  classes  outlined 
in  Appendix  B.  Data  on  exports  of  dressed  pork  products 


in  individual  tariff  classes  were  obtained  from  Exports 
by  Commodities  (Statistics  Canada) . 


Analytical  Procedure 

The  analytical  procedure  began  with  the  specifica¬ 
tion  of  a  number  of  econometric  models.  The  required  data 
were  then  collected,  aggregated  and  manipulated  as  outlined 
in  the  preceding  section.  Multiple  regression  analysis  was 
then  applied  to  the  data  in  an  attempt  to  demonstrate  an 
exchange  rate  effect  on  each  of  the  four  dependent  vari¬ 
ables  using  the  models  specified.  Whenever  feasible,  the 
actual  analysis  was  conducted  in  the  sequence  outlined 
below. 

1.  Correlation  analysis  -  Correlation  coefficients  were 
estimated  between  the  variables  in  the  model  under 
investigation.  This  procedure  was  useful  in  indicating 
possible  multicollinearity . 

2.  OLSQ  -  Ordinary  least  squares  multiple  regression  analy¬ 
sis  was  applied  to  the  data  series  using  the  functions 
specified. 

3.  CORC  -  The  Cochrane-Orcutt  iterative  technique  was 
applied  to  the  data  using  the  functions  specified.  This 
procedure  was  required  with  all  of  the  models  because  of 
the  positive  autocorrelation  common  to  them  when  OLSQ 
regression  analysis  was  applied. 


Summary 


This  chapter  has  attempted  to  outline  the  methodo¬ 
logies  employed  in  the  study.  The  choice  of  variables  has 
been  discussed  and  a  summary  of  the  models  included  in  the 
analysis  has  been  provided.  Finally,  the  data  base  has  been 
reviewed  and  the  investigative  procedure  has  been  outlined. 
The  results  of  the  analysis  appear  in  the  following  chapters. 


CHAPTER  VI 


EMPIRICAL  ANALYSIS  I 

Four  models  of  increasing  complexity  were  specified 

and  investigated  with  a  view  to  estimating  the  degree  to 

which  month-to-month  fluctuations  in  the  exchange  rate  have 

been  incorporated  into  the  Toronto  hog  price  during  the 

period  under  study. ^  A  basic  model  similar  to  that  of 

2 

Dawson  was  specified.  This  basic  model  was  then  extended 
by  incorporating  the  exchange  rate  into  the  model.  The 
four  models  investigated  are  discussed  in  order  of  increas¬ 
ing  complexity  beginning  with  the  original  basic  model. 


An  assumption  of  this  study  is  that  monthly  fluc¬ 
tuations  in  the  Canada-U.S.  currency  exchange  rate  have  a 
negligible  effect  on  the  U.S.  hog  price.  The  validity  of 
this  assumption  is  supported  by  the  following  study: 

Peter  Tryphos,  An  Economic  Model  of  the  Canadian  Red  Meat 
System  for  Policy  Analysis ,  (Ottawa :  Agricultural 
Economics  Research  Council  of  Canada,  1974),  p.  114. 

2  ... 

James  L.  Dawson,  "Canadian  Hog  Prices  Within  a 

North  American  Market,"  Canadian  Farm  Economics,  ]_(4)  , 

(October  1972) ,  pp.  8-11. 


62 


63 


Model  6.1 

Dawson  concluded  that  the  Canadian  price  of  hogs  was 
a  function  of  the  American  hog  price  and  the  rate 
of  Canadian  hog  slaughter.  This  hypothesis  was  retested 
using  the  following  model  specification: 

Model  6.1:  PHOGT  =  3o  +  6iPHOG3  +  $2TSLWT  +  U 
where:  PHOGT  -  Toronto  hog  price  ($CAN  dressed) ? 

PH0G3  =  U.S.  hog  price  ($U.S.  dressed); 

TSLWT  =  rate  of  Canadian  hog  slaughter  (as  defined 
in  Chapter  V) ;  and 

U  =  an  error  term. 

A  correlation  analysis  of  the  variables  included  in 
Model  6.1  gave  the  results  presented  in  Table  6.1.  A  high 
positive  correlation  (0.977)  was  shown  to  exist  between  the 
Canadian  and  U.S.  hog  price  as  would  be  expected  in  an  arbi- 
traged  market.  A  negative  correlation  (-0.237)  was  shown  to 
exist  between  the  Canadian  hog  price  and  the  Canadian 
slaughter  rate. 

The  next  step  in  the  analysis  was  to  apply  ordinary 
least  squares  regression  analysis  (OLSQ)  to  the  data,  there¬ 
by  estimating  coefficients  for  the  variables  included  in  the 
model  (see  Table  6.2).  The  results  of  the  analysis  are 
unreliable  because  of  the  positive  autocorrelation  present 
(D.W.  =  0s78).^  The  coefficients  are  inefficient  (i.e.  not 

■^See  Appendix  C  for  a  more  thorough  discussion  of 
autocorrelation  (i.e.  causes,  implications  and  solutions). 


Table 
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minimum  variance)  and  the  test  statistics  are  biased — the 
direction  of  the  anticipated  bias  being  as  indicated  by 
the  bracketed  signs. 

To  circumvent  the  problem  of  autocorrelation ,  the 
model  was  re-estimated  using  the  Cochrane-Orcutt  iterative 
technique  (CORC) .  The  results  are  presented  in  Table  6.3. 
Ninety-eight  percent  of  the  variation  in  PHOGT  can  be  ex¬ 
plained  by  variation  in  the  explanatory  variables  included 
in  the  transformed  model. ^  The  coefficient  attached  to 
PH0G3  is  of  the  anticipated  sign  (+ve)  and  significant  at 
the  99  percent  confidence  level.  The  coefficient  attached 
to  TSLWT  is  of  the  expected  sign  ( -ve ) ;  however ,  it  is  not 
significantly  different  from  zero  at  the  90  percent  confi¬ 
dent  level.  Any  conclusions  which  could  have  been  drawn 
from  the  analysis  are  weakened  by  the  possibility  of  nega¬ 
tive  autocorrelation  in  the  transformed  model  (D.W.  =  2.28). 

Model  6.1,  although  not  providing  any  insight  into 
the  effect  of  exchange  rate  fluctuations  on  Canadian  hog 
prices,  does  serve  as  a  point  of  departure  in  the  specifi¬ 
cation  of  a  more  complete  model. 


^Recall  that  one  of  the  variables  in  the  transformed 
model  (CORC)  is  the  value  of  the  dependent  variable  in  the 
preceding  time  period. 


The  Toronto  Hog  Price  as  a  Linear 
Function  of  Selected  Independent  Variables  Using 
the  Cochrane-Orcufct  Iterative  Technique  -  Model  6. 
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Model  6.2 

The  next  step  in  the  analysis  involved  the  introduc¬ 
tion  of  the  exchange  rate  to  the  model  in  the  simplest 
manner  possible.  This  was  accomplished  by  multiplying  the 
U.S.  hog  price  ( $ U . S . )  by  the  exchange  rate  ($CAN/$U.S.) , 
thereby  converting  that  price  to  its  Canadian  dollar  equiva¬ 
lent.  The  resulting  model  was  as  follows: 

Model  6.2:  PHOGT  =  £0  +  BiPH0G4  +  £2TSLWT  +  U 
where:  PH0G4  =  ( PH0G3 ) R; 

R  =  Canada-U.S.  currency  exchange  rate? 
and  other  variables  are  as  previously  defined. 

Models  6.1  and  6.2  are  of  interest  not  only  because 
they  act  as  a  logical  beginning  and  progression  in  the  deve¬ 
lopment  of  Models  6.3  and  6.4,  but  also  because  they  offer 
the  first  clue  as  to  the  nature  of  the  effect  of  the  exchange 
rate  on  the  Toronto  hog  price.  If  the  effect  of  exchange 
rate  fluctuations  were  completely  incorporated  into  the 
Toronto  hog  price,  PHOGT  would  be  more  closely  correlated 
with  PH0G4  than  with  PH0G3 .  This  was  not  found  to  be  the 
case  (see  Tables  6.1  and  6.4).  PHOGT  was  found  to  be  more 
closely  correlated  with  the  U.S.  price  of  hogs  expressed  in 
terms  of  U.S.  dollars  (0.977)  than  with  the  U.S.  price  of 
hogs  expressed  in  terms  of  Canadian  dollars  (0.971).  Fur¬ 
ther  analysis  was  necessary  to  better  understand  the  forces 
involved. 

Ordinary  least  squares  regression  analysis  when 
applied  to  the  data  base  using  Model  6.2  gave  the  results  in 
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Table  6.5.  All  coefficients  are  of  the  anticipated  sign  and 
an  R-squared  of  0.953  is  indicated.  (Note  that  the  explana¬ 
tory  power  of  the  model  has,  in  fact,  decreased  from  that  of 
Model  6.1.)  As  with  Model  6.1,  any  conclusions  which  might 
otherwise  have  been  drawn  are  weakened  by  the  presence  of 
positive  autocorrelation  (D.W.  =  0.66).  The  direction  of 
any  anticipated  bias  is  again  indicated  by  the  bracketed 
signs  after  the  respective  test  statistics. 

Application  of  the  Cochrane-Orcutt  iterative  tech¬ 
nique  to  the  data  using  Model  6.2  gave  the  results  outlined 
in  Table  6.6.  Positive  autocorrelation  is  no  longer  present? 
however,  the  analytical  technique  has  again  introduced  the 
possibility  of  negative  autocorrelation  at  the  95  percent 
confidence  level  (D.W.  =  2.31) .  Given  this  qualification, 
the  model  suggests  that  the  coefficient  attached  to  PHOG4  is 
of  the  expected  sign  (+ve)  and  is  significant  at  the  99 
percent  confidence  level.  The  coefficient  attached  to  the 
rate  of  Canadian  hog  slaughter  (TSLWT)  is  also  of  the 
expected  sign  (-ve) ?  however,  it  is  not  significantly  dif¬ 
ferent  from  zero  at  the  90  percent  confidence  level.  (The 
possibility  exists  that  the  standard  error  is  biased  upward 
and  the  coefficient  is,  in  fact,  more  significant  than  indi¬ 
cated  by  the  analysis.) 

The  transformed  model  explains  98  percent  of  the 
variation  in  the  Toronto  hog  price — identical  to  the  expla¬ 
natory  power  of  Model  6.1  which  ignored  the  exchange  rate. 
This  again  raises  questions  about  the  completeness  of  the 
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arbitrage  process  involved  and  the  validity  of  the  specifi¬ 
cation  of  Model  6.2. 


Model  6.3 

In  the  absence  of  other  arbitrage  costs ,  and  given 
complete  arbitrage  between  the  Canadian  and  U.S.  hog  markets, 
the  Canadian  price  of  hogs  ( $CAN)  would  be  expected  to  equal 
the  U.S.  price  of  hogs  ($CAN) .  Model  6.2  comes  close  to 
being  an  analogue  of  this  situation,  yet  the  inclusion  of 
the  exchange  rate  in  Model  6.2  did  not  improve  the  explana¬ 
tory  power  of  the  model.  This  suggests  that  an  exchange 
rate  fluctuation:  (a)  does  not  have  the  same  effect  as  does 
an  actual  change  in  the  U.S.  price  of  hogs  ($U.S . ) ;  and/or 
(b)  does  not  incorporate  itself  as  rapidly  into  the  Canadian 
hog  prices  as  does  an  actual  change  in  U.S.  price  of  hogs 
($U.S.) . 

To  test  the  hypothesis  that  a  shift  in  the  U.S. 
price  of  hogs  ($U.S.)  and  a  fluctuation  in  the  exchange  rate 
do  not  behave  in  ah  identical  manner  in  affecting  the 
Canadian  price  of  hogs,  a  new  model  was  specified  in  such  a 
manner  as  to  further  isolate  the  exchange  rate  effect.  The 
result  was  as  follows : ^ 

Model  6.3:  PHOGT  =  Bo  +  BiPH0G3  +  B2PHOG3  (R-l)  +  B3TSLWT  +  U 

'^Model  6.3  was  derived  from  Model  6.2  in  the  follow¬ 
ing  manner: 

If  PHOGT  =  Bo  +  Bi PH0G4  +  B2TSLWT  +  U,  and 

if  PH0G4  =  (PH0G3 ) R  =  U.S.  hog  price  C$CAN) ,  substitution 

into  Model  6.2  yields: 


Ccont 1 d) 


where:  PHOGT  =  Toronto  hog  price  ($CAN) ; 


PH0G3  =  U.S.  hog  price  ($U.S.); 

R  =  Canada-U.S.  currency  exchange  rate; 

TSLWT  =  rate  of  Canadian  hog  slaughter;  and 
U  =  an  error  term. 

The  effect  of  a  fluctuation  in  the  exchange  rate 
depends  on:  (a)  the  magnitude  of  the  fluctuation;  and 

(b)  the  price  level  at  the  time.  The  inclusion  of  PH0G3  in 
the  exchange  rate  variable  can  be  thought  of  as  a  weighting 
factor--the  higher  the  price  level,  the  greater  the  expected 
effect  of  a  given  change  in  the  exchange  rate. 

Correlation  analysis  of  the  variables  included  in 
Model  6.3  produced  the  results  outlined  in  Table  6.7.  The 
Toronto  hog  price  has  a  correlation  of  0.977  with  the  U.S. 
hog  price  ($U.S.)  and  a  correlation  of  0.483  with  the  newly 
developed  variable  PHOG3  (R-1)-.  No  strong  conclusions  can 
be  drawn  from  the  estimated  correlation  coefficients 
attached  to  the  exchange  rate  variable.  The  coefficient  is 
useful  mainly  as  a  test  for  possible  mult icol linearity  in 
the  model . 

^(cont*d  from  preceding  page) 

PHOGT  =  Bo  +  0i  (PHOG3 ) R  +  6  2  TSLWT  +  U 

=8o+0i ( PHOG3 ) (X  +  R  -  1)  +  02TSLWT  +  U 
=  0o  +  8 i PHOG3  +  0 i (PHOG3) (R-1)  +  02TSLWT  +  U. 

If  the  coefficients  attached  to  PHOG3  and  PHOG3 (R-1)  are  not 
constrained  to  be  equal,  the  model  can  be  respecified  as 
follows : 

PHOGT  =  0o  +  0 i PHOG3  +  02PHOG3 (R-1)  +  6 3 TSLWT  +  U. 
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Given  complete  and  instantaneous  arbitrage,  a  value 
of  one  would  be  anticipated  when  estimating  the  coefficients 
attached  to  the  price  variable  and  the  exchange  rate  vari¬ 
able  in  Model  6.3  (and  Model  6.4).^  An  estimated  coeffi¬ 
cient  of  zero  would  imply  that  the  respective  variable  is 
not  a  factor  in  determining  the  average  monthly  Toronto  hog 
price.  With  these  two  extremes  in  mind,  OLSQ  and  CORC 
analysis  wsre  applied  to  the  data  series,  using  Model  6.3, 
in  an  effort  to  estimate  the  degree  to  which  month- to- month 
fluctuations  in  these  variables  were  translated  into  fluc¬ 
tuations  in  the  Toronto  hog  price. 

Ordinary  least  squares  regression  analysis  produced 
the  results  outlined  in  Table  6.8.  The  point  estimate  of 
the  coefficient  attached  to  PH0G3  is  1.017  as  compared  with 
an  estimated  coefficient  of  0.400  for  PHOG3(R-l).  This 
would  initially  appear  to  justify  the  separation  of  PHOG4 
into  two  component  parts  and  the  subsequent  estimation  of 
separate  coefficients.  Positive  autocorrelation  is  again 
suggested  thereby  weakening  any  conclusions  which  might 
otherwise  be  drawn  (D.W.  =  0.80). 

Application  of  the  Cochrane-Orcutt  iterative  techni¬ 
que  gave  the  results  outlined  in  Table  6.9.  Again,  all 
coefficients  are  of  the  expected  sign;  however,  only  that 


This  assumes  that  no  quality  difference  exists 
between  the  products.  It  also  assumes  that  the  choice  of  a 
conversion  factor  (0.77)  in  converting  the  U.S,  hog  price 
from  a  live  to  a  dressed  basis  was  valid. 
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attached  to  PH0G3  is  now  significant  at  the  99  percent  con¬ 
fidence  level.  The  point  estimate  of  the  coefficient 
attached  to  the  exchange  rate  variable  C0.375)  has  changed 
very  little  from  that  obtained  using  OLSQ  regression  analy¬ 
sis  (0.400);  however,  the  computed  standard  error  is  con¬ 
siderably  higher  when  estimated  using  the  Gochrane-Orcutt 
iterative  technique.  The  result  is  a  coefficient  which  is 
no  longer  significantly  different  from  zero  at  the  90  per¬ 
cent  confidence  level. 

Interpretation  of  the  estimated  coefficient  is  dif¬ 
ficult.  Because  it  is  a  compound  variable,  the  analytical 
technique  does  not  differentiate  between  changes  in  PHOG3  and 
changes  in  R-l.  Model  6.4  was  specified  in  a 
manner  as  to  further  isolate  the  effect  of  exchange  rate 
fluctuations  on  Canadian  hog  prices. 

Model  6 . 4 


The  final  step  in  isolating  the  effect  of  a  change 
in  the  exchange  rate  involved  the  specification  of  the  fol¬ 
lowing  model : 


Model  6.4:  PHOGT 
PHOG3 


=  6 


PHOG3 


+  Bl  +  b*(r-d  +  +  u 


This  specification  was  obtained  by  dividing  Model  6.3  through 
by  PHOG3 •  The  value  of  the  Canada-U. S .  currency  exchange 
rate  is  effectively  isolated  by  the  manipulation.^ 


A  variation  of  Model  6.4  in  which  TSLWT  was  replaced 
by  a  ratio  of  the  U.S.  to  Canadian  hog  slaughter  rates  was 

(cont  *  d) 


Table  6.10  contains  the  results  of  a  correlation 
analysis  of  the  new  variables.  Of  most  importance  to  this 
study  is  the  positive  correlation  (0.261)  between  R-l  and 
the  Canada-United  States  hog  price  ratio. 

Ordinary  least  squares  regression  analysis,  when 
performed  on  the  data  series  using  Model  6.4,  produced  the 
results  outlined  in  Table  6.11.  Of  most  interest  to  this 
study  are  the  coefficients  attached  to  the  price  variable 
and  to  the  exchange  rate  variable.  The  point  estimate  of 
$i  (1.049)  approximates  that  estimated  in  Model  6.3  (1.017). 

These  coefficients  indicate  the  "average"  positive  rela¬ 
tionship  which  existed  between  PHOGT  and  PHOG3  over  time.^ 

The  coefficient  attached  to  the  exchange  rate  vari¬ 
able  (62  -  0.383)  is  positive  as  expected.  Furthermore,  its 
value  is  considerably  different  from  that  of  3i-  (.This  adds 
validity  to  the  concept  of  separating  PHOG4  into  two 
separate  components.)  Positive  autocorrelation  is  present 
in  the  model  (D.W.  =  0.71)  thereby  ruling  out  the  possibi¬ 
lity  of  assigning  levels  of  significance  to  the  estimated 
coefficients  in  the  OLSQ  analysis. 

The  Cochrane-Orcutt  iterative  technique  was  applied 


(cont'd  from  preceding  page) 

also  tested.  The  results,  which  differ  mainly  in  that  the 
explanatory  power  of  the  OLSQ  equation  is  higher  (R-squared  = 
0.331),  are  presented  in  Appendix  D,  but  are  not  discussed 
further. 

^A.  Koutsoyiannis ,  Theory  of  Econometrics,  ;  (London: 
The  Macmillan  Press  Ltd.,  1973),  p.  203. 
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to  the  data  series  to  effectively  circumvent  the  problem  of 
serial  correlation  of  the  error  terms  (see  Table  6.12).  A 
point  estimate  of  0.675  and  a  standard  error  of  0.122  indi¬ 
cates  that  3 i  is  still  significantly  different  from  zero  at 
the  99  percent  confidence  level.  (This  compares  with  a 
point  estimate  of  0.638  and  a  standard  error  of  0.057  in 
Model  6.3.) 

The  point  estimate  of  the  coefficient  attached  to 
the  exchange  rate  variable  is  0.396.  Although  of  the  antici¬ 
pated  sign,  the  coefficient  is  not  significantly  different 
from  zero  at  the  90  percent  confidence  level.  Of  more 
interest  is  whether  the  estimated  coefficient  is  signifi¬ 
cantly  different  from  unity.  Calculation  confirms  that  the 
estimated  coefficient  does  differ  significantly  from  one  at 
the  90  percent  confidence  level,  thereby  indicating  that 
month -to -month  fluctuations  in  the  exchange  rate  are  not 
immediately  and  completely  translated  into  price  changes 
Furthermore,  the  high  standard  error  (0.407)  indicates  that 
month -to-month  fluctuations  in  the  exchange 

rate  do  not  affect  the  Toronto  hog  price  in  a  uniform  manner. 

■^Determined  as  follows : 

H  0s  3 1  =  1  Hi:  0i  <  1 

Test  statistic  1  -  0.396 

0.407 

=  1.48. 

Critical  value  of  t  =  1.289;  a  =  0.10. 

The  decision:  since  1.48  >  1.289,  reject  H0  and  accept  Hi 
at  the  90  percent  confidence  level. 
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That  the  effect  of  a  change  in  the  exchange  rate  is 
variable  and  does  not  produce  its  total  effect  during  the 
month  in  which  the  change  took  place  explains  why,  in  Model 
6.2,  the  multiplication  of  PH0G3  by  R  produced  a  variable 
(PH0G4 )  which  was  less  closely  correlated  with  the  Toronto 
hog  price  than  was  the  original  variable  PH0G3 .  In  effect, 
the  multiplication  of  PH0G3  by  R  introduced  more  error  into 
the  model  than  it  removed. 

Summary 

Beginning  with  a  basic  model.  Chapter  VI  developed 
and  investigated  a  model  specification  which  effectively 
isolated  the  effect  of  month-to-month  fluctuations  in  the 
exchange  rate  on  the  Toronto  hog  price.  This  effect  was 
found  to  be  significantly  less  than  would  be  expected  in  the 
presence  of  complete  and  immediate  arbitrage.  In  addition, 
the  effect  was  found  to  be  highly  variable. 


CHAPTER  VII 


EMPIRICAL  ANALYSIS  II 

Three  separate  dependent  variables  were  considered 
in  studying  the  effect  of  exchange  rate  fluctuations  on 
monthly  Canada-U.S.  trade  flows  in  dressed  pork  products: 

(a)  Canadian  exports  of  dressed  pork  products  to  the  United 
States;  (b)  Canadian  imports  of  dressed  pork  products  from 
the  United  States;  and  (c)  net  trade  (net  exports)  of 
dressed  pork  products  from  the  United  States.  Chapter  VII 
discusses  and  presents  the  results  of  the  analysis  by  con¬ 
sidering  each  of  the  three  dependent  variables  in  turn. 

Canadian  Exports  of  Dressed 
Pork  Products 
to  the  United  States 

Three  alternative  econometric  models  were  specified 
and  analysed  with  a  view  to  determining  whether  a  simple 
relationship  could  be  demonstrated  between  month-to-month 
fluctuations  in  the  Canada-United  States  currency  exchange 
rate  and  month-to-month  variations  in  the  level  of  dressed 
pork  product  exports  to  the  United  States.  Model  7.1  is 
linear  specification  which  uses  seven  independent  variables  in  an 
attempt  to  explain  variations  in  exports  for  the  period  January  1970  to 
December  1979.  Model  7.2  is  also  linear  but  differs  in  that 
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all  data  have  been  converted  to  a  per  capita  basis  and 
variations  in  exports  for  the  period  July  1976  to  December 
1979  are  examined.  Model  7.3  is  the  logarithmic  version  of 
Model  7.2. 

Model  7.1 

Model  7.1  was  specified  in  the  following  manner: 
Model  7.1:  X2AGG  =  Bo  +  B i TSLWT  +  32QSPK2  +  3 3STKPK1  + 


'  B4  STKPK2  +  3  5X3AGG  +  B6DUTY2  +  37R  +  U 

where:  X2AGG 

=  Canadian  exports  of  dressed  pork  products  to 
the  United  States ; 

TSLWT 

=  rate  of  Canadian  hog  slaughter; 

•  QSPK2 

=  monthly  U.S.  hog  slaughter; 

STKPKl 

=  Canadian  pork  stock; 

STKPK2 

=  U.S.  pork  stock; 

X3AGG 

=  non-U. S.  pork  exports; 

DUTY2 

=  U.S.  duty  on  fresh  and  frozen  pork; 

R 

=  Canada-U.S.  currency  exchange  rate;  and 

U 

=  an  error  term. 

Correlation  analysis  of  the  variables  in  the  model 
produced  the  correlation  matrix  in  Figure  7.1.  X2AGG  is 
positively  correlated  with  all  of  the  independent  variables 
in  the  model,  but  most  strongly  correlated  with  the  rate  of 
Canadian  hog  slaughter  (0.71).  A  correlation  of  0.31  is 
noted  between  X2AGG  and  the  exchange  rate  variable  R. 

Ordinary  least  squares  regression  analysis  using 


Model  7.1  produced  the  results  outlined  in  Table  7.2.  These 
results  are  unreliable  because  of  the  positive 
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statistic  =  1.18  (pos 


autocorrelation  present  in  the  model  (D.W.  =  1,18).  The 
coefficients  are  inefficient  and  the  test  statistics  are 
biased  (the  directions  of  the  bias  again  being  indicated  by 
bracketed  signs) . 

Reanalysis  of  the  model  using  the  Cochrane-Orcutt 
iterative  technique  produced  the  results  in  Table  7.3.  The 
model  was  effectively  cleared  of  autocorrelation  by  the  pro¬ 
cedure  (D.W.  =  2.00)  and  the  explanatory  power  of  the  model 
was  increased  (R-squared  =  0.739).  Only  the  coefficient 
attached  to  the  rate  of  Canadian  hog  slaughter  (TSLWT)  is 
significant  at  the  99  percent  confidence  level.  The  posi¬ 
tive  sign  indicates  that  exports  increase  with  the  rate  of 
Canadian  hog  slaughter  as  would  be  anticipated. 

Although  all  other  coefficients  are  insignificant  at 
the  90  percent  confidence  level,  the  coefficient  attached  to 
the  exchange  rate  variable  is  bordering  on  significance  at 
that  level  (2-tailed  t-probability  -  0.102).'  The  point 
estimate  of  the  exchange  rate  coefficient  (8.25)  translates 
into  an  elasticity  of  2,08  (i.e.  the  elasticity  of  the  quan¬ 
tity  exported  with  respect  to  the  exchange  rate). ^  The  large 
standard  error  (5.01)  associated  with  the  exchange  rate 
coefficient  makes  this  elasticity  estimate  unreliable. 


^Elasticities  have  been  calculated  at  the  means  of 
the  respective  variables.  The  mean  value  of  R  is  1.040  and 
that  of  X2AGG  is  4.133. 
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Model  7.2 


That  the  level  of  significance  of  the  exchange  rate 
coefficient  was  low  in  Model  7.1  prompted  an  attempt  at 
respecifying  the  model.  Any  economic  model  carries  with  it 
a  ceterus  paribus  assumption.  The  probability  of  violating 
this  assumption  in  time- series  analysis  increases  with  the 
length  of  the  time  period  under  study. 

One  attempt  at  improving  the  explanatory  power  of  the 
model  involved  analyzing  a  shorter  data  series  beginning  in 
July  of  1976  and  extending  to  December  of  1979.  Several 
reasons  existed  for  choosing  this  series  of  observations: 

(a)  this  period  contained  a  high  degree  of  exchange  rate 
variability?  (b)  both  Canadian  and  U.S.  tariff  levels  were 
constant  during  this  period  thereby  decreasing  the  number  of 
variables  in  the  model?  and  (c)  this  series  still  provides 
an  adequate  data  series  for  analysis  (42  observations) . 

Another  change  in  the  revised  model  was  the  conver¬ 
sion  of  all  quantity  variables  to  a  per  capita  basis.  This 
was  accomplished  by  dividing  Canadian  data  and  U.S. 
data  by  the  population  (in  millions)  of  the  respective 
countries.  This  procedure,  it  was  hoped,  would  further 
standardize  the  data  over  time. 

The  result  of  the  above  changes  was  as  follows: 

Model  7.2:  X2AGGP  =  Bo  +  BiTSLWTP  +  3?.QSPK2P  +  B  3  STKPK1P  + 

P4  STKPK2P  +  BsXBAGGP  +  BgR  +  U 

where  the  letter  P  signifies  that  the  variable  is  expressed 
on  a  per  capita  basis.  Otherwise  the  variables  are  as  pre¬ 
viously  defined. 


Correlation  analysis  of  the  variables  included  in 
Model  7.2  produced  the  matrix  presented  in  Table  7.4.  Both 
the  per  capita  rate  of  Canadian  hog  slaughter  (TSLWTP)  and 
the  Canada-United  States  currency  exchange  rate  (R)  are 
highly  correlated  with  per  capita  Canadian  exports  of 
dressed  pork  products  to  the  United  States  (0.85  and  0.75, 
respectively) .  The  other  correlation  coefficient  of 
interest  is  that  between  TSLWTP  and  R  (0.81).  This  value  is 
pointed  out  because  it  suggests  the  possibility  of  multi- 
col  linearity  in  the  model. 

Ordinary  least  squared  regression  analysis,  when 
applied  to  the  data  series  using  Model  7.2,  produced  the 
coefficients  and  test  statistics  outlined  in  Table  7.5.  The 
possibility  of  positive  autocorrelation  is  suggested  by  the 
Durbin-Watson  statistic  (D.W.  =  1.29).  The  results  are  not 
discussed  further  because  of  the  attendant  inefficiency  and 
biasedness  of  the  coefficients  and  test  statistics,  respec¬ 
tively  . 

The  positive  autocorrelation  was  effectively  removed 
from  the  model  by  use  of  the  Cochrane  Orcutt  iterative  tech¬ 
nique  (see  Table  7.6).  The  resulting  transformed  equation 
explains  almost  82  percent  of  the  variation  in  per  capita 
exports  of  dressed  pork  products  to  the  United  States. 

Significant  at  the  99  percent  confidence  level  is 
the  coefficient  attached  to  the  per  capita  rate  of  Canadian 
hog  slaughter  (TSLWTP) .  The  sign  attached  to  this  coeffi¬ 
cient  is  positive,  thereby  implying  that  an  increase  in  the 
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Table  7.6 

Capita  Canadian  Exports  of  Dressed  Pork  Products  to 
the  United  States  as  a  Linear  Function  of 
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rate  of  Canadian  hog  slaughter  results  in  an  increase  in  the 
exports  of  dressed  pork  products.  This  is  as  was  antici¬ 
pated  . 

This  study  is  particularly  concerned  with  the  effect 
of  exchange  rate  fluctuations  on  trade.  The  exchange  rate 
coefficient,  as  estimated  by  Model  7.2,  is  positive  as 
expected  (0.66)  and  significant  at  the  90  percent  confidence 
level.  This  coefficient  translates  into  an  elasticity  of 
4.45  (i.e.  a  one  percent  increase  in  the  exchange  rate  pro¬ 
duces  a  4.45  percent  increase  in  exports).^ 

The  results  of  Model  7.2  are  weakened  by  the 
possibility  of  multicoilinearity  as  discussed  earlier. 

Dutta  says  the  following  with  regard  to  the  interpretation  of 
multiple  regression  results  in  the  presence  of  possible 
multicoilinearity: 

The  econometrician  follows  the  rule  of  thumb  and 
is  satisfied  if  the  t-test  applied  to  the  esti¬ 
mates  of  the  regression  coefficients.  .  .  is 
found  to  be  significant  at  the  95  percent  confi¬ 
dence  level.2 

The  regression  coefficient  attached  to  TSLWTP  is  significant 
at  the  95  percent  confidence  level,  but  the  coefficient 
attached  to  the  exchange  rate  is  only  significant  at  the  91 
percent  confidence  level.  The  results  of  Model  7.2  are  pre¬ 
sented  with  this  qualification. 

^Based  on  the  average  exchange  rate  value  of  1.105 
and  the  average  value  of  X2AGGP  of  0.164  for  the  period 
July  1976  to  December  1979. 
o 

M.  Dutta,  Econometric  Methods,  (Cincinnati:  South- 
Western  Publishing  Co. ,  1975) ,  p.  154. 


Model  7.3 


The  logarithmic  version  of  Model  7.2  was 

investigated  next  and  took  the  following  form: 

Model  7.3:  LX2AGGP  =  Bo  +  3 i LTSLWTP  +  B2LQSPK2P  + 

3 3LSTKPKIP  +  3  4  LSTKPK2P  +  3  5  LX3AGGP  + 
B6LR  +  U 

where  the  letter  L  signifies  the  common  logarithm  of  the 
particular  variable. 

Table  7.7  presents  the  results  of  OLSQ  regression 
analysis  of  the  data  series  using  Model  7.3.  The  presence 
of  positive  autocorrelation  (D.W.  =  1.02)  weakens  any  con¬ 
clusions  which  might  otherwise  have  been  drawn. 

Application  of  the  Cochrane-Orcutt  iterative  tech¬ 
nique  produced  the  results  in  Table  7.8.  The  technique 
effectively  eliminated  the  autocorrelation  while  increasing 
the  R-squared  from  0.862  to  0.905.  LTSLWTP ,  LSTKPK1P  and  LR 
are  the  most  significant  variables  in  the  model.  The  coef¬ 
ficients  attached  to  the  three  variables  are  all  positive  as 
would  be  anticipated  with  a  priori  reasoning. 

The  exchange  rate  coefficient  has  a  magnitude  of 
8.46  (significant  at  the  99  percent  confidence  level).  In 
the  case  of  a  logarithmic  model,  the  estimated  beta  coef¬ 
ficient  is  also  an  elasticity  measurement.  If  the  results 
are  reliable,  one  could  infer  that  a  one  percent  increase  or 
decrease  in  the  exchange  rate  wTould  result  in  an  8.4  6  per¬ 
cent  increase  or  decrease,  respectively,  in  Canadian  exports 
of  dressed  pork  products  to  the  United  States.  Again,  these 
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results  must  be  interpreted  with  caution  because  of  the 
multicollinearity  suspected. 

Canadian  Imports  of 
Dressed  Pork  Products  From 
the  United  States 

Three  alternative  econometric  models  were  specified 
and  analyzed  with  a  view  to  determining  whether  a  simple 
relationship  could  be  demonstrated  between  month- to -month 
fluctuations  in  the  Canada-United  States  currency  exchange 
rate  and  month- to-month  variations  in  the  level  of  dressed 
pork  product  imports  from  the  United  States.  The  three 
models  are  analogous  to  those  used  in  studying  pork 
exports  and  are  considered  in  turn  in  this  section. 

Model  7.4 

The  first  step  in  studying  the  effect  of  exchange 
rate  fluctuations  on  imports  of  dressed  pork  products  was  to 
specify  the  following  model: 

Model  7.4:  M2AGG  =  Bo  +  8 1 TSLWT  +  B2QSPK2  +  8  3  STKPKl  + 

B»+  STKPK2  +  85X3AGG  +  Be  DUTY  1  +  B?R  +  U 

where:  M2AGG  =  Canadian  imports  of  dressed  pork  products 

from  the  U.S.? 

DUTYl  =  Canadian  tariff  on  fresh  and  frozen  pork? 
and  other  variables  are  as  previously  defined. 

Figure  7.9  contains  the  results  of  a  correlation 
analysis  of  the  variables  included  in  Model  7.4.  M2AGG  is 
negatively  correlated  with  all  variables  in  the  model  ex¬ 
cept  for  non-United  States  exports  (X3AGG)  and  the  exchange 


Included  in  Model 
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rate.  On  a  priori  grounds,  an  increase  in  the  exchange  rate 
would  be  expected  to  decrease  imports  of  dressed  pork  pro¬ 
ducts.  The  positive  correlation  between  these  two  variables 
does  not  contradict  this;  however,  it  does  imply  that  another 
variable  has  a  greater  effect  on  Canadian  pork  imports  than 
does  the  exchange  rate.  Further  analysis  was  required  to 
test  this  hypothesis. 

Ordinary  least  squares  regression  analysis  produced 
the  results  on  Figure  7.10.  The  results  of  this  analysis 
are  weakened  by  the  presence  of  positive  autocorrelation 
(D.W.  =  0.88).  The  estimated  coefficients  are  inefficient 
and  the  estimated  test  statistics  are  biased  as  indicated  by 
the  bracketed  signs. 

In  an  attempt  to  circumvent  the  problem  of  positive 
autocorrelation,  the  Cochrane-Orcutt  iterative  technique  was 
applied  to  the  data  (see  Table  7.11).  The  resulting  equa¬ 
tion  falls  in  the  indeterminate  zone  when  tested  for  nega¬ 
tive  autocorrelation  at  the  five  percent  level  of  signifi¬ 
cance  (D.W.  =  2.39).  Three  explanatory  variables — TSLWT , 
QSPK2  and  STKPKl — have  coefficients  which  are  significantly 
at  the  90  percent  level.  These  coefficients  suggest  that 
Canadian  imports  of  dressed  pork  products  increase:  (a)  when 

the  rate  of  Canadian  hog  slaughter  decreases;  (b)  when  the 
level  of  Canadian  pork  stock  decreases;  and  (c)  when 
the  American  slaughter  level  increases.  These  findings  are 
all  consistent  with  a  priori  reasoning. 


Aggregate  Canadian  Imports  of  Dressed  Pork  Products  From 
the  United  States  as  a  Linear  Function  of  Selected  Independent 


104 


>i 

■P 

, - s 

* — 

, - V 

13  -h 

1 

1 

1 

i 

1 

1 

1 

0  -H 

' - 

— » 

" — 

— 

> — 

i— I  -H 

•H  XI 

o 

O 

o 

CTS 

o 

o 

<d  fd 

o 

o 

o 

o 

o 

vo 

Eh  XI 

o 

o 

r- 

rH 

o 

o 

ro 

1  0 

CM  u 

o 

o 

o 

o 

o 

o 

O 

Eh 

-sr 

r* 

tH 

0 

T3 

O 

0 

•H 

^ — N 

^>-N 

/-n 

N. 

s 

-P 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

CO 

V — - 

^ 

"■ — " 

1 

•H 

-P 

LO 

vo 

ro 

CN 

00 

LT) 

CN 

co 

fd 

00 

I— 1 

ro 

VO 

CN 

Cf\ 

•H 

-p 

CO 

in 

VC 

O 

rH 

CN 

o 

>1 

i 

1 

1 

1 

1 

rH 

Eh 

fd 

C 

< 

c 

0 

^ ^ 

, — ^ 

•H 

1 

1 

1 

1 

1 

1 

1 

CO 

v - ' 

•»— * 

w 

v — ^ 

CO 

13 

<D 

5-1 

ro 

5-1 

fd  s-i 

00 

tP 

13  0 

CO 

o 

CD 

fi  5-f 

ro 

o 

Pi 

fd  u 

VO 

o 

o 

iH 

LO 

rH 

CN 

-P  w 

rH 

o 

o 

O 

rH 

O 

o 

O 

cn 

cn 

o 

o 

o 

o 

o 

CN 

00 

o 

CP 

c 

•H 

CO 

D 

-p 

13  c 

00 

CO 

o  0 

CN 

0 

-P  -H 

o 

rH 

fd  o 

VO 

o 

VC 

X 

£  *H 

o> 

iH 

o 

i — I 

-vT 

i — 1 

00 

fd 

■H  M-f 

o 

O 

o 

o 

VO 

IT) 

ro 

rH 

■H 

-P  IH 

5-1 

CO  0 

1 — 1 

O 

o 

o 

o 

LT) 

r- 

in 

fd 

W  0 

1 

1 

1 

| 

rH 

> 

u 

TS 

C  0 

-P 

fd  iH 

c 

DC  X 

rH 

CN 

fd 

i  fd 

Eh 

CN 

W 

X 

u 

rH 

X 

-P  -H 

£ 

X 

P^ 

P. 

O 

>H 

CO 

x  p 

X! 

cu 

« 

X 

< 

Eh 

c 

cp  fd 

in 

in 

Eh 

ro 

D 

0 

•H  > 

Eh 

O 

in 

CO 

X 

Q 

u 

Pi 

13 

0) 

5-1 

fd 

P 

CP 

CO 

I 

Pi 


statistic  =  0.88  (pos 


Aggregate  Canadian  Imports  of  Dressed  Pork  Products  From 
the  United  States  as  a  Linear  Function  of  Selected  Independent  Variables 
Using  the  Cochrane-Qrcutt  Iterative  Technique  -  Model  7.4 
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The  focus  of  this  study  was  on  the  exchange  rate. 
Neither  OLSQ  nor  CORC  analysis,  when  applied  to  the  data 
series  using  Model  7.4,  was  able  to  estimate  a  statistically 
significant  exchange  rate  coefficient.  When  using 
CORC  analysis,  the  estimated  coefficient  (-1.50)  is  of  the 
anticipated  sign,  however  the  two-tailed  t-probability  indi¬ 
cates  a  0.93  probability  that  the  coefficient  is  not  signi¬ 
ficantly  different  from  zero.  This  should  not  necessarily 
be  interpreted  to  mean  that  no  exchange  rate  effect  occurs, 
only  that  the  specification  and  technique  applied  could  not 
distinguish  one. 

Model  7.5 

For  reasons  already  discussed  in  the  analysis  of  pork 
exports,  the  data  were  converted  to  a  per  capita  basis  and 
the  data  series  was  shortened  to  include  the  period  July 
1976  to  December  1979,  inclusive.  The  revised  model  took 
the  following  form: 

Model  7.5:  M2AGGP  =  3o  +  BiTSLWTP  +  3 2 TSLWTP  +  B3STKPKIP  + 

34STKPK2P  +  3  5X3AGGP  +  3SR  +  U 

where  the  letter  P  signifies  that  the  data  is  expressed  on  a 
per  capita  basis,  and  all  other  variables  are  as  previously 
defined. 

Correlation  analysis  of  the  abridged  data  series  gave 
the  results  in  Table  7.12.  Per  capita  Canadian  imports  of 
dressed  pork  products  from  the  United  States  (M2AGGP)  is 
closely  correlated  with  the  exchange  rate  (-0.80)  and  the 


Correlation  Matrix  of  Variables 
Included  in  Model  7.5 
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rate  of  Canadian  hog  slaughter  (“0.71).  Also  of  particular 
interest  to  the  analysis  is  the  high  correlation  (0.82)  be¬ 
tween  TSLWTP  and  R,  as  this  suggests  a  possible  problem  with 
multicol linearity  in  the  analytical  results. 

Ordinary  least  squares  regression  analysis  of  the 
data  series  produced  the  results  in  Table  7.13.  The  Durbin- 
Watson  statistic  (D.W.  =  1.73)  indicates  that  the  hypothesis 
of  no  positive  autocorrelation  in  the  model  is  inconclusive 
at  the  95  percent  confidence  level.  The  results  are  pre¬ 
sented  with  this  qualification. 

The  fitted  regression  equation  explains  80  percent 
of  the  variation  in  per  capita  Canadian  imports  of  dressed 
pork  products  from  the  United  States  for  the  period  July  1976 
to  December  1979.  The  coefficients  attached  to  the  per 
capita  rate  of  Canadian  hog  slaughter  (-0.79),  the  monthly 
level  of  U.S.  hog  slaughter  (0.17)  and  the  Canada-United 
States  currency  exchange  rate  (-1.67)  are  all  of  the  anti¬ 
cipated  sign  and  significant  at  the  99  percent  confidence 
level.  (Using  the  criteria  of  Dutta  discussed  earlier,  any 
suspected  problem  with  multicol linearity  can  be  ignored.) 
Other  coefficients  in  the  model  are  not  significantly  dif¬ 
ferent  from  zero  at  the  90  percent  confidence  level  and  are 
therefore  not  discussed  further. 

The  estimated  exchange  rate  coefficient  has  a 
value  of  -1.67.  This  translates  into  an  elasticity  of 
-3.68.^  In  other  words,  based  on  the  point  estimate  of  the 

^Based  on  the  average  exchange  rate  value  of  1.105 
and  the  average  value  of  M2AGGP  of  0.502  for  the  period 
July  1976  to  December  1979. 
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exchange  rate  coefficient,  a  one  percent  increase  in  the  ex¬ 
change  rate  resulted  in  a  3.68  percent  decrease  in  Canadian 
imports  of  dressed  pork  products  from  the  United  States 
during  the  period  under  study. 

Because  of  the  possible  positive  autocorrelation 
using  the  OLSQ  technique.  Model  7.5  was  estimated  again 
using  the  Cochrane-Orcutt  iterative  technique.  The  result¬ 
ing  equation  (see  Table  7.14)  is  free  from  autocorrelation 
(D.W.  =  3.15)  and  free  from  multicollinearity  (i.e.  the 
coefficients  attached  to  TSLWTP  and  R  are  significant  at  the 
99  percent  confidence  level) .  The  R-squared  has  been 
increased  from  0.798  to  0.818  but,,  more  importantly,  the 
beta  coefficients  are  more  efficient  and  the  test  statistics 
are  unbiased. 

As  with  the  OLSQ  model,  the  two  quantity  variables 
and  the  exchange  rate  have  estimated  coefficients  which  are 
significant  at  the  98+  percent  confidence  level.  The  esti¬ 
mated  exchange  rate  coefficient  using  CORC  analysis  is 
-2.15.  Calculated  at  the  means  of  the  respective  variables, 
this  translates  into  an  elasticity  of  imports  with  respect 
to  the  exchange  rate  of  -4.74. 

Model  7.6 

The  logarithmic  version  of  Model  7.5  was  investi¬ 
gated  as  a  possible  alternative  functional  form.  In 
mathematical  form,  the  function  can  be  expressed  as: 
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Model  7.6:  LM2AGGP  =  3o  +  6 i LTSLWTP  +  B2LQSPK2P  + 

33LSTKPK1P  +  8  4  LSTKPK2P  +  6SLX3AGGP  + 
6eLR  +  U 

where  the  letter  L  signifies  the  logarithm  of  the  particular 
variable  (otherwise  as  previously  defined) . 

The  presence  of  positive  autocorrelation  (D.W.=  1.24) 
weakens  any  conclusions  which  might  otherwise  have  been  drawn 
from  the  OLSQ  analysis  of  the  data  series  using  Model  7.6.  The 
results  are  therefore  presented  but  not  discussed  further 
(see  Table  7.15) . 

Application  of  the  Cochrane-Orcutt  iterative  tech¬ 
nique  to  the  data  series  using  Model  7.6  yields  the  results 
in  Table  7.16.  Autocorrelation  is  no  longer  a  problem,  and 
82  percent  of  the  variation  in  LM2AGGP  is  explained  by  vari¬ 
ation  in  the  independent  variables.  The  coefficients 
attached  to  the  rates  of  Canadian  and  U.S.  hog  slaughter  are 
of  the  anticipated  signs  (-ve  and  +ve,  respectively)  and 
significant  at  the  95  percent  confidence  level.  The  ex¬ 
change  rate  coefficient  (-4.71)  is  also  of  the  anticipated 
sign  and  significant  at  the  95  percent  confidence  level. 
Therefore,  using  Dutta *  s  rule  of  thumb,  multicollinearity 
is  not  a  problem  in  the  model. 

The  point  estimate  of  the  coefficient  attached  to  LR 
is  also  an  elasticity  estimate.  Based  on  this  estimate,  a 
one  percent  increase  or  decrease  in  the  exchange  rate  has 
been  associated  with  a  4.71  percent  decrease  or  increase, 
respectively,  in  Canadian  imports  of  dressed  pork  products 
during  the  period  under  study.  This  compares  favorably  with 
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the  estimate  obtained  from  Model  7.5  (-3.68  and  -4.74). 

Net  Trade  (Net  Exports)  of 
Dressed  Pork  Products  to 
the  United  States 

Two  alternative  econometric  models  were  specified 
and  analyzed  with  a  view  to  determining  whether  a  simple 
relationship  could  be  demonstrated  between  monthly  fluctua¬ 
tions  in  the  Canada-United  States  currency  exchange  rate  and 
monthly  variations  in  the  net  trade  of  dressed  pork  products 
with  the  United  States.  The  two  models  investigated  were 
analagous  to  the  first  two  models  used  in  analyzing 
levels  of  exports  and  imports.  A  logarithmic  model  was  not 
specified  because  of  negative  observations  in  this  particu¬ 
lar  dependent  variable. 

Model  7.7 

In  investigating  the  relationship  between  fluctua¬ 
tions  in  the  exchange  rate  and  fluctuations  in  the  net  trade 
of  dressed  pork  products  between  Canada  and  the  United 
States,  the  following  model  was  specified: 

Model  7.7:  NET2  =  B0  +  B i TSLWT  +  B2QSPK2  +  B 3 STKPKl  + 

f5>4  STKPK2  +  6SX3AGG  +  36DUTY1  +  3  7  DUTY  2  + 

b8r  +  u 

where  NET2  equals  X2AGG  minus  M2AGG,  and  other  variables  are 
as  previously  defined. 

Table  7.17  contains  the  results  of  a  correlation 
analysis  of  the  variables  included  in  Model  7.7.  NET2  is 
most  highly  correlated  (0.51)  with  the  rate  of  Canadian  hog 


Correlation  Matrix  of  Variables 
Included  in  Model  7.7 
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slaughter.  The  exchange  rate  was  essentially  uncorrelated 
(0.01)  with  NET2  during  the  period  under -Study. 

OLSQ  analysis,  when  applied  to  the  data  base  using 
Model  7.7,  produced  the  results  outlined  in  Table  7.18. 
Positive  autocorrelation  is  indicated  by  the  Durbin-Watson 
statistic  (D.W.  =  1.03)  thereby  weakening  any  conclusions 
which  might  otherwise  have  been  drawn  from  the  results.  The 
coefficients  are  inefficient  and  the  test  statistics  are 
biased  as  indicated. 

Application  of  the  Cochrane-Orcutt  iterative  tech¬ 
nique  produced  the  results  outlined  in  Table  7.19.  The 
transformed  equation  explains  85  percent  of  the  variation 
in  net  Canadian  pork  exports  to  the  United  States.  Unfor¬ 
tunately,  the  results  of  the  analysis  must  be  interpreted 
with  caution  because  the  analytical  procedure  has  introduced 
the  possibility  of  negative  autocorrelation  at  the  five  per¬ 
cent  level  of  significance. 

The  coefficients  attached  to  the  rate  of  Canadian 
hog  slaughter  and  to  the  level  of  Canadian  pork  stocks  are 
positive  and  significant  at  the  90  percent  confidence  level 
whereas  the  coefficient  attached  to  the  United  States 
slaughter  level  is  negative  and  significant  at  the  90  per¬ 
cent  confidence  level. 

The  coefficient  attached  to  the  exchange  rate  vari¬ 
able,  although  of  the  anticipated  sign,  has  a  2-tailed 
t-probability  of  0.35.  In  other  words,  given  the  magnitude 
of  the  coefficient  and  the  magnitude  of  the  standard  error. 


Net  Aggregate  Canadian  Trade  in  Dressed  Pork  Products  With 
the  United  States  as  a  Linear  Function 
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there  is  a  probability  of  0.35  that  the  coefficient  is  equal 
to  zero.  Again,  the  results  do  not  exclude  the  possibility 
of  an  exchange  rate  effect — they  only  indicate  that  an 
effect  cannot  be  demonstrated  with  the  model  and  analytical 
technique  used. 

Model  7 . 8 


As  in  the  case  of  exports  and  imports,  an  alterna¬ 
tive  specification  was  attempted  to  determine  whether  a 
shorter  data  series  using  per  capita  quantity  variables 
would  result  in  a  more  efficient  estimate  of  the  exchange 
rate  coefficient.  The  respecified  model  was  as  follows: 

Model  7.8:  NET2P  =  Bo  +  3 1 TSLWTP  +  $2QSPK2P  +  B  3  STKPK1P  + 

B-4  STKPK2P  +  BsXSAGGP  +  B6R  +  U 

where  the  letter  P  signifies  that  the  variable  has  been  con¬ 
verted  to  a  per  capita  basis  and  other  variables  are  as  pre¬ 
viously  defined. 

Correlation  analysis  produced  the  matrix  outlined  in 
Table  7.20.  NET2P  is  most  closely  correlated  with  the 
Canada-United  States  currency  exchange  rate  (0.83)  and  the 
per  capita  rate  of  Canadian  pork  slaughter  (0.79). 

Ordinary  least  squares  regression  analysis  produced 
the  results  outlined  in  Table  7.21.  Positive  autocorrela¬ 
tion  is  again  indicated  (D.W.  =  1.52) .  The  results  are 
therefore  presented  but  not  discussed  in  detail. 

Application  of  the  Cochrane-Orcutt  iterative  tech¬ 
nique  effectively  eliminated  the  autocorrelation  problem 
(see  Table  7.22)  and  increased  the  R-squared  from  0.841  to 


Correlation  Matrix  of  Variables 
Included  in  Model  7.8 
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0.864.  The  coefficients  attached  to  both  TSLWTP  and  R  are 
positive  as  anticipated  and  significant  at  the  99  percent 
confidence  level,  thereby  suggesting  that  multicollinearity 
is  not  a  problem  in  the  model.  The  coefficient  attached  to 
QSPK2P  is  negative  as  anticipated  and  significant  at  the  95 
percent  confidence  level.  The  coefficients  attached  to 
other  variables  in  Model  7.8  are  not  significant  at  the  90 
percent  confidence  level. 

A  point  estimate  of  the  exchange  rate  coefficient 
has  been  estimated  (2.83).  Since  per  capita  net  trade  may 
be  positive,  zero  or  negative,  the  calculation  of  an  elas¬ 
ticity  based  on  this  coefficient  and  the  average  value  of 
NET2P  could  be  very  misleading.  The  value  of  the  calculated 
elasticity  would  be  highly  dependent  on  the  point  along 
the  regression  line  at  which  it  was  calculated.  For  this 
reason,  the  coefficient  is  presented  in  raw  form  only.  The 
estimated  exchange  rate  coefficient  (2.83)  indicates  that 
during  the  period  under  study,  per  capita  net  trade  in 
dressed  pork  products  has  increased  0.0283  pounds  for  every 
$0.01  C./$U.S.  increase  in  the  exchange  rate.  Based  on  a  population 
of  24  million,  this  translates  into  an  increase  of  0.68 
million  pounds  in  the  net  trade  of  dressed  pork  products  for 
every  $0.01  C./$U.S.  increase  in  the  exchange  rate. 


125 


Summary 

Chapter  VII  presents  the  results  of  an  analysis  de¬ 
signed  to  determine  whether  a  simple  relationship  can  be 
demonstrated  between  month-to-month  fluctuations  in  the 
Canada-United  States  currency  exchange  rate  and  fluctuations 
in  Canada-United  States  trade  flows  in  dressed  pork  products. 
The  model  specifications  chosen  were  not  successful  in 
demonstrating  a  statistically  significant  exchange  rate 
coefficient  when  applied  to  a  data  series  consisting  of  120 
monthly  observations.  By  shortening  the  data  series  to  the 
most  recent  42  observations  and  by  converting  the  data  to  a 
per  capita  basis ,  statistically  significant  exchange  rate 
coefficients  were  demonstrated  in  models  designed  to  explain 
variations  in  exports,  imports  and  net  trade  of  dressed 
pork  products  with  the  United  States. 


CHAPTER  VIII 


SUMMARY,  CONCLUSIONS  AND  RECOMMENDATIONS 
FOR  FURTHER  RESEARCH 

Summary  and  Conclusions 

The  stated  objectives  of  this  study  were: 

(a)  to  review  trade  theory  and  exchange  rate  theory  as  they 
relate  to  prices  and  to  trade  flows  of  agricultural  commodi¬ 
ties;  and  (b)  to  investigate  a  number  of  econometric  models 
with  a  view  to  determining  whether  a  simple  relationship 
could  be  demonstrated  between  exchange  rate  fluctuations, 
Canadian  hog  prices  and  Canada-United  States  trade  flows  in 
dressed  pork  products  since  the  inception  of  a  flexible  ex¬ 
change  rate  system  in  1970. 

Chapter  II  started  with  a  two-country  one-commodity 
model  and  developed  a  conceptual  framework  designed 
to  outline  some  of  the  forces  at  work  following  a  change  in 
the  exchange  rate.  The  effect  of  a  change  in  the  exchange 
rate  was  shown  to  have  two  major  components — a  price  effect 
and  a  quantity  effect.  The  magnitudes  of  these  two  effects 
were  shown  to  be  related  to  the  magnitudes  of  the  domestic 
supply  and  demand  elasticities  of  the  commodity  under 
study  in  each  of  the  two  countries  in  the  simplified  model. 
Given  the  assumptions  of  the  conceptual  model,  the  elasti¬ 
city  of  price  with  respect  to  the  exchange  rate  was  shown  to 
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be  bounded  by  0  and  +1,  while  the  elasticity  of  quantity 
traded  with  respect  to  the  exchange  rate  was  shown  to  be 
bounded  by  0  and  plus  infinity  (in  the  case  of  a  depreciation 
by  an  exporting  country  given  adequate  time  for  all  adjust¬ 
ments  to  take  place) .  In  the  case  of  a  depreciation  by  an 
importing  country,  the  elasticity  of  price  with  respect  to 
the  exchange  rate  was  found  to  be  bounded  by  0  and  +1  while 
the  elasticity  of  quantity  traded  with  respect  to  the  ex¬ 
change  rate  was  found  to  be  bounded  by  0  and  minus  infinity. 

The  conceptual  model  in  Chapter  II  was  further  deve¬ 
loped  to  consider  the  effect  of  a  change  in  the  exchange 
rate  on  a  commodity  for  which  supply  was  fixed  in  the 
short  run.  Given  this  situation,  the  model  indicated  that 
the  quantity  effect  of  a  change  in  the  exchange  rate  in  the 
long  run  exceeds  the  quantity  effect  which  would  be  expected 
to  provide  equilibrium  in  the  short  run.  The  price  effect 
of  an  exchange  rate  change  in  the  long  run  may  be  greater 
than  or  less  than  that  in  the  short  run  depending  on  the 
supply  and  demand  elasticities  of  the  commodity  in  question. 

This  portion  of  the  study  was  designed  to  provide 
some  insight  into  the  mechanism  by  which  a  change  in  the 
exchange  rate  leads  to  a  change  in  price  and  to  a  change  in 
trade  volume.  Although  based  on  a  number  of  simplifying 
assumptions,  Chapter  IT  is  useful  in  this  regard. 

The  quantitative  portion  of  this  study  was  designed 
to  investigate  what  effect,  if  any,  monthly  exchange  rate 
fluctuations  have  had  on  the  pork  industry  during  the  period 
1970  to  1979.  In  keeping  with  the  conclusions  of  Chapter  II, 
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the  analysis  was  designed  to  investigate  both  a  price  effect 
and  a  quantity  (or  trade)  effect.  This  was  accomplished  by 
specifying  and  investigating  a  number  of  econometric  models 
and,  with  the  use  of  multiple  regression  analysis,  analyzing 
a  data  series  that  spanned  January  1970  to  December  1979. 

The  effect  of  monthly  exchange  rate  fluctuations  on 
the  Toronto  hog  price  during  this  period  was  found  to  be 
variable  and  less  than  that  which  would  be  expected  to  occur 
if  the  arbitrage  process  were  instantaneous  and  complete. 
Drawing  on  a  hypothetical  arithmetic  example.  If  the  United 
States  hog  price  ($U.S.  per  pound  dressed)  were  $1.00  per 
pound,  and  if  the  average  monthly  exchange  rate  depreciated 
from  $1.00  CAN/$U . S .  to  $1.10  CAN/$U.S.  during  the  course  of 
one  month,  then  the  average  Canadian  hog  price  would  be 
expected  to  increase  by  $0.10  per  pound  if  the  arbitrage 
process  were  immediate  and  complete.  The  model  developed  in 
Chapter  VI  indicates  that  during  the  period  under  study,  the 
"average"  effect  in  such  a  situation  was  only  a  fraction 
(0.396)  of  that  expected  (or  $0,396  per  pound  in  the  hypo¬ 
thetical  example) .  The  conclusion  should  not  necessarily  be 
drawn  that  the  Toronto  hog  price  would  not  eventually  in¬ 
crease  by  the  full  anticipated  amount;  only  that  there  is  a 
sufficient  delay  in  the  process  to  result  in  an  estimated 
coefficient  of  0.396  (as  opposed  to  1.00  if  the  process  were 
immediate  and  complete) .  The  high  standard  error  associated 
with  the  estimated  coefficient  indicates  that  the  effect  of 
monthly  exchange  rate  fluctuations  on  the  Toronto  hog  price 
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was  variable  and  the  estimated  coefficient  (0.396)  is  some 
"average"  of  the  observed  responses  for  the  period  under 
study. 

Chapter  VII  presents  the  results  of  an  econometric 
analysis  in  which  variations  in  exports,  imports  and  net 
trade  in  dressed  pork  products  were  examined  in  turn  to 
determine  whether  an  exchange  rate  effect  could  be  isolated. 
A  significant  exchange  rate  coefficient  (i.e.  >  90  percent) 
could  not  be  obtained  using  the  ten  year  data  series  and  the 
models  specified  in  the  analysis  (for  a  summary  of  the  re¬ 
sults  see  Table  8.1).  Again,  this  should  not  necessarily  be 
interpreted  to  mean  that  no  such  effect  occurred;  only  that 
the  model  specifications  and  analytical  techniques  applied 
could  not  distinguish  one. 

In  spite  of.  these  shortcomings,  the  analysis  does  cast 
some  light  on  trade  flow  variations.  Since  the  coefficients 
attached  to  the  rate  of  Canadian  hog  slaughter  are  signifi¬ 
cant  at  the  90  percent  confidence  level  in  Models  7.1,  7.4 
and  7.7,  and  since  the  explanatory  power  of  the  three  models 
is  0.58  or  greater  in  the  models  when  analyzed  using  the 
OLSQ  technique,  the  analytical  results  do  suggest  that  quan¬ 
tity  variables  are  a  major  determinant  of  trade  flow  volumes. 
This  is  in  agreement  with  the  findings  c£  Vellianitis-Fidas 
who  concluded  that  the  greatest  portion  of  trade  flow  varia¬ 
tions  are  due  to  fluctuations  in  quantities  produced. 

By  shortening  the  data  series  to  the  most  recent 
42  observations,  and  by  converting  the  data  to  a  per  capita 


Summary  of  the  Exchange  Rate  Coefficients 
Estimated  in  Analyzing  Trade  in 
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elasticity  has  not  been  calculated  because  the  estimated  elasticity  is  highly 
pendent  on  the  point  along  the  regression  line  at  which  that  elasticity  is 
lculated. 
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basis,  estimated  exchanged  rate  coefficients  were  obtained 
which  were  significant  at  the  90  percent  confidence  level 
(see  Table  8.1  -  Models  7.2,  7.3,  7.5,  7.6,  and  7.8). 

The  exchange  rate  was  shown  to  have  enjoyed  a  posi¬ 
tive  relationship  with  exports  and  a  negative  relationship 
with  imports  over  the  most  recent  42  months  of  the  data 
series.  The  estimated  elasticities  in  Table  8.1  should  not 
be  interpreted  as  being  "the"  elasticities  of  quantity 
traded  for  the  exchange  rate  since  the  final  total  effects 
of  a  change  in  the  exchange  rate,  given  adequate  time  for 
all  supply  and  demand  adjustments  to  take  place,  could  be 
and  most  likely  is  considerably  different  from  that  esti¬ 
mated.  The  estimated  coefficients  and  elasticities  are 
simply  the  best  estimate  of  the  montly  change  in  trade  flows 
of  dressed  pork  products  that  has  resulted  from  a  change  in 
the  average  monthly  exchange  rate  during  the  42  month  period 
analyzed. 

Recommendations  for  Further  Research 

This  study,  although  meeting  most  of  the  objectives, 
leaves  many  questions  unanswered  regarding  the  effects  that 
the  exchange  rate  has  had  and  will  have  on  agricultural 
prices  and  trade.  Chapter  II,  by  outlining  a  conceptual 
framework  within  which  to  consider  exchange  rate  changes, 
illustrated  how  the  measured  effect  of  a  change  in  the  ex¬ 
change  rate  depends  on  the  commodity  and  the  time  frame 
under  study.  Chapter  III  suggested  that  "inertia"  was  also 
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a  factor  which  contributed  to  the  insensitivity  of  trade 
flows  to  changes  in  the  exchange  rate.  If  force  of  habit, 
contractual  obligations  and  established  transportation  faci¬ 
lities  do  "calcify"  trade  patterns,  these  factors  would  have 
their  greatest  effect  in  the  short  run.  Considerable  work 
remains  to  be  done  to  understand  the  effects  that  exchange 
rate  changes  have  on  different  commodities  given  different 
adjustment  periods. 

This  study  has  chosen  to  examine  the  effect  that 
average  monthly  fluctuations  in  the  exchange  rate  have  had 
on  average  monthly  hog  prices  and  on  monthly  trade  flows  in 
dressed  pork  products,  with  little  consideration  being  given 
to  the  effect  that  more  permanent  changes  in  the  exchange 
rate  have  had  and  will  have  on  long-run  equilibrium  prices 
and  trade  after  all  supply  and  demand  adjustments  have  had 
adequate  time  to  occur.  Chapter  II,  by  indicating  how 
domestic  supply  and  demand  elasticities  are  related  to  long- 
run  equilibrium  prices  and  to  trade  flows,  suggested  a 
possible  methodology  for  estimating  these  long-run  effects. 
Considerable  work  remains  to  be  done  to  understand  these 
different  effects  on  Canadian  agricultural  prices  and  trade. 
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Exports 


Imports 


Tariff  Classification  of  Canadian 
Pork  Exports  and  Imports 


Tariff  Class 

Description 

11-22 

Pork 

bellies,  fresh  or  frozen 

11-24 

Hams , 

not  cured  or  cooked 

11-28 

Pork 

spareribs,  fresh 

or  frozen 

11-29 

Pork, 

fresh  or  frozen 

NES1 

13-23 

Bacon 

,  cured 

13-24 

Hams , 

cured 

13-29 

Pork, 

cured  NES 

15-24 

Boiled  ham,  cooked 

17-24 

Hams , 

canned 

17-29 

Pork, 

canned  NES 

11-22 

Pork  bellies,  fresh  or  frozen 

11-24 

Hams,  not  cured  or  cooked 

11-25 

Pork  shoulders,  picnics,  butts, 
fresh  or  frozen 

11-28 

Pork  spare  ribs,  fresh  or  frozen 

11-29 

Pork,  fresh  or  frozen  NES 

13-20 

Pork  backs,  cured 

13-23 

Bacon  and  sides,  cured 

13-25 

Pork  shoulders,  picnics,  butts, 
cured 

13-29 

Pork,  cured  NES 

17-24 

Hams ,  canned 

17-31 

Luncheon  meat,  canned 

'NES  =  Not  Elsewhere  Specified. 
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Autocorrelation  in 
Multiple  Regression  Analysis 


The  presence  of  autocorrelation  in  many  of  the  models 
in  this  study  necessitates  a  review  of  its  effects  on  the 
estimated  regression  equation.  In  the  presence  of  auto¬ 
correlation,  the  estimated  standard  error  is  biased.  As  a 
result,  all  test  statistics  derived  from  the  standard  error 
are  also  biased. ^  The  following  table  summarizes  the  effects 
of  autocorrelation  on  the  estimated  regression  coefficients 
and  test  statistics: 


Effects  of  Autocorrelation 


Positive 

Autocorrelation 

Negative 

Autocorrelation 

Regression 

Inefficient  but 

Inefficient  but 

Coefficient 

unbiased 

unbiased 

Standard  error 

-ve  bias 

+ve  bias 

T-statistic 

+ve  bias 

-ve  bias 

2-Tailed 

T-probability 

-ve  bias 

+ve  bias 

A  common  cause  of  autocorrelation  is  the  omission  of 
a  significant  variable.  In  the  event  that  the  identity  of 
the  variable  cannot  be  determined,  the  Cochrane-Orcutt 
iterative  technique  offers  a  possible  solution  to  the 
problem.  The  Cochrane-Orcutt  iterative  technique  corrects 
for  positive  autocorrelation  by  estimating  a  value  for  rho 
and  then  estimating  coefficients  for  a  transformed  equation 
as  indicated  in  the  following  example: 


■^Jan  Kmenta ,  Elements  of  Econometrics,  (New  York; 
Macmillan  Publishing  Co . ,  1971) ,  pp,  281-282 . 
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(Yt  -  pYt-1)  =  Bo  +  3i (Xt  -  pXt-1)  +  .  .  .  +  error  term. 


The  coefficients  so  estimated  are  unbiased  and  more  efficient 
than  those  estimated  by  the  OLSQ  technique. 

The  residuals,  standard  error,  R-squared  and  Durbin- 
Watson  statistic  (as  presented  in  TSP  output)  are  based  on 
the  fitted  and  observed  values  of  Yf  This  is  done  by  con¬ 
verting  the  transformed  function  to  the  following  form: 

Yt  =  Bo  +  3i (Xt  -  Pxt-1)  +  •  •  •  +  Yt_!  +  error  term. 

An  R-squared  of  0.98  as  indicated  by  TSP  output  means 
that  98  percent  of  the  variation  in  Yt  can  be  explained  by 
variation  in  the  right-hand  variables  (including  pYt-l) • 


The  Canada-United  States  Hog  Price  Ratio  as  a 
Linear  Function  of  Selected  Independent  Variables  Using  OLSQ 
Regression  Analysis  -  A  Variation  of  Model  6.4 
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813780. 

164 . 200 

36.9700 

48.0130 

50.4664 

616924 . 

164 . 800 

41 .7900 

54.2727 

56.9049 

595087 . 

163.600 

43.8600 

56.9610 

60.2363 

714266 . 

163 . 100 

45.7600 

59 . 4286 

63.0537 

586362 . 

161. 400 

44 . 3800 

57.6363 

61 .9533 

575514 . 

163 . 900 

4 1 . 4000 

53 . 7662 

57 . 7072 

785082 . 

164 . 300 

40.8300 

53.0260 

58 . 2649 

637239 . 

164 . 900 

39 . 3300 

51 .0779 

56.6556 

671534 . 

166.100 

43.9900 

57 .  1299 

62.6828 

737117. 

165.600 

45 . 9900 

59.7272 

65 . 7657 

61 1180. 

1 70 . 000 

48.8300 

63.4156 

70.5941 

685074 . 

171. 400 

47 . 5000 

61 .6883 

69 . 4363 

855496 . 

171.200 

46.0400 

59 . 7922 

68.2587 

729547 . 

169 . 700 

49 . 1700 

63.8571 

7  1 . 4497 

696247 . 

171. 700 

48.3100 

62 . 7402 

70.3694 

815436  . 

171. 000 

46.7800 

60.7532 

68 .3170 

607034 . 

170.900 

48  7700 

63 . 3376 

72.2239 

658138 . 

170.700 

50 . 0000 

64.9351 

75.7337 

877568 . 

171. 000 

52 . 2300 

67.8312 

80.2238 

744567 . 

171. 300 

48 . 3600 

62.8052 

73 . 6579 

77946  1  . 

173.000 

49 . 5700 

64 . 3766 

75.9322 

874722 . 

170.900 

52 . 1300 

67 . 7013 

80.5509 

796681 . 

171. 500 

54 . 4200 

70.6753 

84 .4923 

809731 . 

171. 500 

49 . 3800 

64 . 1299 

75 . 2820 

0. 105388E+07 

169 . 600 

45.0400 

58 . 4935 

67.0510 

809879. 

169 . 900 

43.7900 

56.8701 

65.7191 

815226 . 

169 . 800 

40.2900 

52 . 3247 

61 . 3402 

0. 103296E+07 

169 . 900 

38 . 7300 

50.2987 

58.5175 

801326 . 

168 . 400 

38 .2100 

49 . 6234 

58.0891 

8 1 6000 . 

168 . 400 

38 . 6200 

50. 1558 

58.4415 

0. 1 09 1 93E+07 

168 . 700 

34 . 7000 

45.0649 

52.9648 

923358 . 

1 70 . 900 

36.0100 

46.7662 

55 . 1654 

962592 . 

171. 000 

38.4500 

49 . 9351 

58 . 4040 

0.11 1 728E+07 

169 . 800 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1  1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

4  1 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


152 


TSLWT 


24 . 5251 
23 . 5406 
24.0152 
26.3814 
25.1111 
23 . 4389 
24 . 327  1 
23 . 9569 
26 . 5065 
28 . 7879 
30.6922 
25 . 8820 
30. 1394 
3  1  .  167  1 
30.8252 
32 . 7547 
31 . 2022 
30.3363 
29 . 7249 
27.9026 
28.0838 
29 . 3462 
30.9238 
26 . 9572 
29.8813 
30.3165 
30  4179 
32 . 7450 
30.4912 
28 . 9833 
26 . 7807 
26.6292 
26.6524 
27.0362 
28 . 7947 
25.8763 
28 .3174 
27.1513 
28 . 6433 
28 .  1558 
27.9478 
27 . 5277 
25.2694 
23 .7144 
24.0070 
26.4856 
28 . 4895 
25 . 4882 
28 . 7007 
31 . 3595 
30.345 1 
29 . 4740 
29 . 2539 
25.7601 
25 . 3992 
26 . 4022 
25 . 1385 
25 . 7699 
28  .  1895 
24.3713 


0SPK2 


1050.00 
928.000 
1074 . 00 
1138.00 
1016.00 
982.000 
99 1 . 000 
1008.00 
1158.00 
1275.00 
1255.00 
1371.00 
1268 . 00 
1075.00 
1335.00 
1295.00 
1189.00 
1197.00 
1058.00 
1152.00 
1222.00 
1214.00 
1296.00 
1 307 . 00 
1 103.00 
1078.00 
1319.00 
1138.00 
1159.00 
1087 .00 
902 . 000 
1089.00 
1074.00 
1201.00 
1218.00 
1087.00 
1149.00 
980.000 
1133.00 
1033.00 
1150.00 
995.000 
889.000 
973.000 
929.000 
1152.00 
1137.00 
1058.00 
1212.00 
999.000 
1159.00 
1228.00 
1262.00 
1050.00 
1016.00 
1 100.00 
1127.00 
1217.00 
1123.00 
1091 .00 


STKPK 1 


15131.0 
14791  .0 
20087.0 
20509.0 
26519.0 
28193.0 
27534.0 
23223.0 
20415.0 
182  11.0 
24062.0 
25330.0 
26878.0 
26970.0 
33965.0 
41036.0 
51529.0 
58587 .0 
59043.0 
50764.0 
45657.0 
36018.0 
35503.0 
33474.0 
28969.0 
26216.0 
30566.0 
31753.0 
35072.0 
26503.0 
31783.0 
26694.0 
22872.0 
18697.0 
22157 .0 
23361  .0 
18803.0 
2377  1  .0 
32484 .0 
36394.0 
36076.0 
32087.0 
29009.0 
25651  .0 
24266.0 
23020.0 
29292.0 
33867.0 
33114.0 
37620.0 
44405.0 
42415.0 
46784.0 
44609.0 
37570.0 
32268.0 
28191.0 
24114.0 
24113.0 
23458.0 


STKPK2 


211. 000 
210. 000 
237.000 
269.000 
329.000 
351 .000 
304 . 000 
255.000 
217. 000 
210.000 
246.000 
304 . 000 
336.000 
353.000 
344.000 
389.000 
467.000 
498.000 
476.000 
405.000 
332.000 
309 . 000 
312. 000 
327.000 
330.000 
308 . 000 
287.000 
331 .000 
395.000 
38 1 .000 
319. 000 
254.000 
204 . 000 
192.000 
208 . 000 
243.000 
214. 000 
207 . 000 
1 90 . 000 
242.000 
248.000 
259.000 
252.000 
203 . 000 
1 80 . 000 
198.000 
224.000 
277.000 
286.000 
303 . 000 
307 . 000 
351 .000 
405 . 000 
412. 000 
354.000 
292.000 
254.000 
249.000 
269.000 
302 . 000 


XTAGG 


4 . 39390 
4.31210 
4 . 27080 
6 .51467 
6.70103 
6 . 89269 
8.21100 
6 .  16284 
5 . 74866 
4 . 90670 
7 . 36188 
4 . 49778 
5 . 20873 
5 . 35497 
6 . 38371 
5 . 68275 
6 .  1007  1 
8 . 40417 
1 1 . 7336 
9 . 81245 
10.4 103 
7.53943 
8.95916 
9.61011 
6 . 29386 
9 . 29742 
8.05336 
1  1  . 2556 
17.3013 
15 . 5263 
1  1 . 644 1 
7 . 95936 
6  .  19567 
8 . 32127 
5 . 35487 
4 .02506 
5 .  16297 
7.06158 
11.7 102 
16.6532 
19.3512 
12.4717 
9 . 87932 
1 1 . 4759 
6.63663 
7 . 98432 
6 . 32446 
5.63366 
6 . 97849 
7 . 92762 
7 . 76622 
5.02093 
6.07793 
9 . 47896 
6 . 36968 
9 . 82656 
8.09947 
7.62020 
6 . 64705 
4 .03439 


€  1 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

1  10 

1  1  1 

1  12 

1  13 

1  14 

1  15 

1  16 

1  17 

1  18 

1  19 

120 


153 


TSLWT 

0SPK2 

STKPK 1 

STKPK2 

XTAGG 

26 . 6424 

1113.00 

22892.0 

307 . 000 

5 . 40066 

25.6272 

954 .000 

23089.0 

295.000 

5 . 93  126 

25.0200 

976.000 

26604.0 

30 1 . 000 

7 . 92042 

26 .  1969 

1 100.00 

24832.0 

299.000 

5.51372 

24 . 2982 

934.000 

27288.0 

345.000 

9 . 76052 

23.6851 

889.000 

24439.0 

324 .000 

9 . 80772 

21.5134 

817. 000 

23334.0 

284 .000 

7.92266 

20.5484 

794 .000 

20783.0 

230.000 

7 . 86603 

21 . 1866 

901 .000 

16991 .0 

186.000 

6.41291 

22 . 7332 

936.000 

15060.0 

1 90 . 000 

7 . 4401 1 

23 . 2679 

904 . 000 

19527.0 

222.000 

6.63037 

20.8843 

995.000 

19283.0 

269.000 

4 . 49762 

22 . 3500 

953.000 

17307.0 

249.000 

5 . 33222 

22 . 6225 

850.000 

19210.0 

236.000 

7 .04408 

22 . 9379 

1092.00 

25050.0 

222.000 

7.08589 

22 .9178 

1004.00 

28273.0 

248.000 

6 . 47418 

23.2214 

879.000 

29621 .0 

267 . 000 

8 . 25757 

22.0937 

899 . 000 

33769.0 

270.000 

9  66927 

20.6017 

866.000 

29607.0 

235.000 

7 . 24724 

20.8397 

1042.00 

26069.0 

194.000 

5 . 76545 

22 . 4388 

1106.00 

27581  .0 

170.000 

6.61549 

23.5180 

1215.00 

22893.0 

190.000 

8 . 55197 

24 . 7653 

1284.00 

2582  1  .0 

216. 000 

4 . 77482 

27.0232 

1170.00 

29245.0 

235 . 000 

5.00336 

25 . 7992 

1024.00 

27539.0 

212. 000 

4 . 43277 

25 . 3485 

1013.00 

28026.0 

197.000 

7 . 37 108 

25 . 9228 

1256.00 

31358.0 

200 . 000 

1  1  . 8250 

24 . 6547 

1120.00 

31551  .0 

223.000 

8 .  16517 

23.6089 

1044.00 

33685.0 

26 1 .000 

9 . 94029 

22 . 6004 

1022.00 

29599.0 

268.000 

9.06659 

22 . 9499 

869.000 

26688.0 

228.000 

10.6375 

22.8742 

1074.00 

24656.0 

179.000 

8 . 99200 

25.0238 

1130.00 

21420.0 

145.000 

7.95135 

25.4821 

1151.00 

20940.0 

158.000 

4 . 84545 

27.0489 

1241.00 

22509.0 

166.000 

5.98375 

23.6809 

1 108.00 

23775.0 

209 . 000 

7.09318 

25. 1959 

1050.00 

21678.0 

186.000 

7 .  1548  1 

28 . 4747 

1013.00 

19190.0 

174.000 

8 . 44263 

28.4134 

1179.00 

22538.0 

174.000 

9.66284 

30.0225 

1093.00 

24161  .0 

218. 000 

13 . 4990 

28.9898 

1125.00 

25255.0 

28 1 . 000 

10.7249 

27.0513 

1046.00 

26099.0 

281 .000 

9 . 99010 

25. 1574 

962.000 

26000.0 

258 . 000 

7 . 58743 

27.2434 

1101.00 

25373.0 

220.000 

7 . 71846 

29.1124 

1095.00 

20478.0 

179.000 

8 .31255 

30.9295 

1176.00 

22176.0 

178.000 

1 1 . 107 1 

32 . 7003 

1236.00 

24758.0 

207 . 000 

14 . 247  1 

29.0010 

1129.00 

26237.0 

245.000 

10.3346 

33 .  1329 

1147.00 

25837.0 

242.000 

13.6112 

33 . 6757 

1001 .00 

24934.0 

225.000 

20.2094 

34 . 6752 

1251.00 

25705.0 

220.000 

16.6620 

33 . 3676 

1238.00 

27991  .0 

247.000 

10.4870 

33.5681 

1 309 . 00 

25894.0 

278.000 

14  .  1316 

34.0468 

1213.00 

24297.0 

292.000 

10.3209 

32 . 7237 

1221.00 

25033.0 

270.000 

14 . 2861 

33 . 3230 

1352.00 

23692.0 

227.000 

15 . 8892 

35 . 7364 

1 206 . 00 

21682.0 

182.000 

11.6125 

38 . 2669 

1553.00 

20489.0 

179.000 

15.0233 

39.9163 

1471.00 

24120.0 

220.000 

18 . 2924 

36 . 8046 

1328.00 

23255.0 

258.000 

16 . 6008 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1  1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


15C 


X3AGG 


0. 190389 
0. 186205 
0.  18332  1 
0.490414 
0.384089 
0.800408 
1 . 57459 
1 . 53074 
1 . 28976 
0.508255 
2 . 33016 
0.799726 
0. 143556 
0. 184759 
0.405199 
0.481 194 
0.521925 
2 . 36175 
3 . 89563 
3.49440 
5 . 14863 
3.24704 
4 . 14295 
4 .81560 
0.90321  1 
2 . 76362 
2 . 19523 
6.45289 
10.5367 
8.98772 
6 . 237  16 
2.64177 
2.92716 
4 . 82701 
1 . 59553 
1 . 53405 
1 . 60058 
2.50382 
7 . 15487 
10.6489 
12 . 3342 
6.20538 
3 . 8 1092 
3.01 183 
2 . 10988 
3 . 24737 
1 .04528 
1 . 46861 
1 . 39648 
1  . 26180 
2 . 56248 
2 . 34450 
2 . 41460 
6 . 74765 
3 . 34032 
6.35894 
5.45377 
4.02196 
3 . 15629 
1 . 66152 


DUTY  1 


0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
O . 500000 
0 . 500000 
0 . 500000 
O . 500000 
O . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
O . 500000 
0 . 500000 
O . 500000 
O . 500000 
O . 500000 
O . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
O . 500000 
0 . 500000 
O . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
O . 500000 
0 . 500000 
O . 500000 
O . 500000 
O . 500000 
O . 500000 
O . 500000 
0 . 500000 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


DUTY2 


0 . 800000 
O . 800000 
O . 800000 
O . 800000 
0 . 800000 
O . 800000 
0 . 800000 
0 . 800000 
0 . 800000 
0 . 800000 
0 . 800000 
0 . 800000 
O . 700000 
0 . 700000 
0 . 700000 
0 . 700000 
O . 700000 
0 . 700000 
0 . 700000 
0 . 700000 
0 . 700000 
0 . 700000 
O . 700000 
0 . 700000 
0 . 500000 
O . 500000 
O . 500000 
O . 500000 
O . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
O . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
O . 500000 
O . 500000 
0 . 500000 
O . 500000 
O . 500000 
O . 500000 
0 . 500000 
0 . 500000 
O . 500000 
O . 500000 
O . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
O . 500000 
0 . 500000 
O . 500000 
0 . 500000 
O . 500000 
0 . 500000 
0 . 500000 
O . 500000 


POP  1 


2  1  .  1820 
2 1 . 2030 
2 1 . 2230 
21 .2440 
21.2710 
21 . 2980 
2 1 . 3240 
21 . 3490 
21 .3750 
2 1 . 4000 
2 1 . 4220 
21 . 4440 
21 .4650 
2  1  . 4840 
21 .5030 
21 .5230 
21 .5460 
21 . 5690 
21 .5920 
21 . 6140 
21 .6350 
21 .6570 
21 .6750 
21 .6920 
21 .7100 
21 .7260 
21 . 7430 
2  1  . 7590 
21 .7800 
21 .8010 
21 .8220 
21  .  8420 
21 .8620 
21 .8820 
21 .9020 
21 .9220 
2  1 .9420 
2 1 . 9600 
21 .9780 
21 . 9950 
22.0210 
22.0460 
22.0720 
22.0970 
22. 1230 
22 .  1480 
22 .  1770 
22 . 2060 
22.2350 
22 . 2590 
22.2830 
22 . 3070 
22 . 3360 
22 . 3660 
22 . 3950 
22 . 4270 
22.4580 
22.4900 
22 .5160 
22 . 5430 


POP2 


203.780 
203 . 940 
204.090 
204 . 260 

204 . 440 
204 . 620 
204 . 800 
205 . 000 
205 . 210 
205 . 430 
205 . 630 
205 . 820 
206.020 
206 . 180 
206 . 340 
206 .510 
206.680 

206 . 840 
207.010 
207 . 180 
207 . 370 

207.560 
207.740 
207.900 
208.080 
208 . 200 
208 .310 

208 . 440 

208 . 560 
208 . 700 

208.840 

208.980 
209. 130 
209 . 290 

209 . 440 
209.580 
209.720 
209.830 
209.920 
2 10.040 
2 10. 160 
210.280 
2 10.400 
210.540 
210.690 

210.840 

210.980 
211. 100 
21  1 .210 
2  11.  330 
21  1 .430 
211. 550 
2  11. 660 
2  11.  780 
211.910 
212. 060 
212 . 220 
212 . 380 
212.530 
212.670 


61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

7  1 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

8G 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

93 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

1  10 

1  1  1 

1  12 

1  13 

114 

1  15 

1  16 

1  17 

1  18 

1  19 

120 


155 


X3AGG 

1 . 77902 
3 . 18703 
5 .  1648  1 
3 . 29467 
5 . 85494 
8 . 23650 
7 . 88306 
5.82735 
4.27141 
5 . 22539 
4 . 34917 
2 . 65835 
4 . 12002 
5 . 27073 
5.47129 
4 . 57570 
6 . 15997 
7 . 49231 
5.80154 
4.10317 
5 . 35145 
7.41177 
3 . 34782 
3 . 53306 
3 . 22568 
6 . 17688 
10.2434 
6 . 12247 
7 . 87777 
6.84817 
8.78769 
7.59990 
6 . 77887 
3 . 49075 
4.20305 
5.  17599 
5.47557 
7.02775 
6 .51896 
7 . 40974 
7.01679 
5.84886 
3.82430 
3 . 74003 
5 . 96075 
7 . 36920 
8.67503 
5 . 50195 
6 . 18282 
9.04443 
7 . 20419 
4 . 9708 1 
7.91171 
5.81850 
9 .01533 
8 . 52030 
6 . 44248 
8.51910 
6 . 95719 
7.28188 


DUTY  1 

0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
O . 500000 
O . 500000 
0 . 500000 
O . 500000 
0 . 500000 
0 . 500000 
O . 500000 
0 . 500000 
O . 500000 
0 . 500000 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


DUTY2 

0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
O . 500000 
O . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
O . 500000 
O . 500000 
0 . 500000 
0 . 500000 
O . 500000 
O . 500000 
O . 500000 
O . 500000 
0 . 500000 
O . 500000 
O . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
O . 500000 
0 . 500000 
0 . 500000 
O . 500000 
0 . 500000 
O . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
O . 500000 
0 . 500000 
O . 500000 
0 . 500000 
O . 500000 
0 . 500000 
O . 500000 
0 . 500000 
0 . 500000 
O . 500000 
0 . 500000 
0 . 500000 
O . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
0 . 500000 
O . 500000 
0 . 500000 
O . 500000 
O . 500000 


POP  1 

22 . 5690 
22 . 5920 
22.6160 
22 . 6390 
22 . 6880 
22.6980 
22 . 7270 
22 . 7570 
22 . 7860 
22 . 8160 
22.8390 
22.8610 
22 . 8840 
22.9050 
22.9250 
22.9460 
22 . 9720 
22.9980 
23.0250 
23.0490 
23.0740 
23.0980 
23 . 1 180 
23 . 1380 
23 .  1580 
23 . 1770 
23 .  1960 
23.2150 
23.2370 
23 . 2580 
23.2800 
23 . 3000 
23.3210 
23.3410 
23 . 3570 
23 . 3740 
23 . 3900 
23.4060 
23 . 4210 
23.4370 
23.4560 
23.4740 
23 . 4930 
23.5100 
23.5270 
23.5440 
23.5590 
23.5740 
23.5890 
23.6050 
23.6200 
23.6360 
23.6540 
23.6720 
23.6900 
23 . 7090 
23 . 7280 
23 . 7460 
23.7670 
23 . 7890 


POP2 

212.800 

212.910 

213.020 

213.140 

213. 260 
2  13. 470 
213.630 
213.810 
213.980 

214. 140 

214.280 

214. 400 
214 . 440 

214 . 550 
214.650 
214 . 760 

214.860 

214. 990 
215. 120 

215.280 
215. 430 
215.600 

215.740 
215.870 
216.020 
216. 150 

216. 260 

216. 400 
216 . 530 

216.670 
216.820 

216. 990 
217 .  160 
217 . 330 
217.480 
217.610 

217 . 740 

217.840 
217.940 
218.090 
218. 220 

218 . 360 
218. 500 

218.670 

218. 860 
219.030 
219.190 
219 . 340 
219.700 

2 19 . 840 
219.950 
220. 100 
220.250 
220.420 
220.580 
220.780 

220.990 
221. 180 

221 . 360 

221 . 550 


• 

p 


